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SUBMITTED  BY  MR.  LODGE. 


In  the  Senate  of  the  United  States, 

January  SI,  1916. 
Resolved,  That  the  report  of  the  National  Advisory  Committee  for 
Aeronautics^  transmittea  with  the  President's  message  of  December 
fifteenth,  mneteen  hundred  and  fifteen,  be  printed  as  a  Senate 
document,  together  with  the  accompanying  appendices  and  illus- 
trations. 

Attest: 

James  M.  Baker, 

Secretary. 
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LETTER  OF  SUBMnTAL. 


National  Abtisobt  Committee  fob  Aebonautios, 

StatEi  Wab,  and  Navt  Buildino, 
WaaUngtonf  D.  (?.,  Deeeniber  9, 1916. 

Hie  PBEfiTOKNT: 

In  compliance  with  the  proyiaions  of  the  act  of  Congress  approyed 
March  3^  1915  (naval  appropriation  act.  Public,  No.  273, 63a  Cong.)* 
the  Natioaal  Advisory  Cbminittee  for  Aeronautics  has  the  honor  to 
submit  herewith  its  anaual  report  for  the  period  from  March  3,  1915, 
to  Jime  30,  1915,  indudine  certain  recommendations  for  future  work 
and  a  statement  of  expenditures  to  June  30,  1915. 

The  committee  was  appointed  by  the  President  on  April  2,  1915, 
and  held  its  first  meeting  for  organization  on  April  23,  1915.  On 
June  14  the  President  appro vea  rules  and  regulations  which  had 
been  formulated  by  the  coiomittee  for  the  conduct  of  its  operations. 

By  the  act  establishing  the  committee  an  appropriation  of  $5,000 
a  year  for  five  years  was  made  immediately  available.  Of  the  ap* 
propriation  for  the  first  year,  ending  June  30^  1915,  there  was  ex- 
pended a  total  of  $3,938.94,  as  shown  by  the  itemized  statement  in 
the  accompanying  report,  and  the  tmobumted  balance  of  $1,061.06 
was  covered  into  the  Treasury  as  required  by  law. 

Li  order  to  carry  out  its  purposes  and  objects,  as  defined  in  the 
act  of  March  3,  1915,  the  committee  submits  nerewith  certain  recom* 
mendations  and  an  estimate  of  expenses  for  the  fiscal  year  ending 
June  30,  1917.  The  estimates  in  detail  were  submitted  through  the 
Secretajy  of  the  Navy. 

Attention  is  invited  to  the  appendixes  of  the  committee's  report, 
and  it  is  requested  that  they  be  published  with  the  report  of  the 
committee  as  a  public  document. 

It  is  apparent  to  the  committee  that  there  is  a  large  amount  of 
important  work  to  be  done  to  place  aeronautics  on  a  satisfactory 
foundation  in  this  country*  Competent  engineers  and  limited  facil- 
ities are  already  available  and  can  be  employed  by  the  committee 
to  advanti^,  provided  sufficient  funds  be  placed  at  its  disposal,  as 
estimated  ^r  the  fiscal  year  1917. 

What  has  been  already  accomplished  by  the  committee  has  shown 
that  although  its  members  have  devoted  as  much  personal  attention 
as  practica^e  to  its  operations,  yet  in  order  to  do  all  that  should  be 
done  technical  assistance  should  be  provided  which  can  be  continu* 
ousljr  employed.  There  are  many  practical  problems  in  aeronautics 
now  in  too  indefinite  a  form  to  enable  their  solution  to  be  undertaken. 
The  committee  is  of  the  opinion  that  one  of  the  fijrst  and  most  impor- 
tant steps  to  be  taken  in  connection  witii  the  committee's  work  is 
the  inx>v]sion  and  equipment  of  a  flying  field  together  with  aeroplanes 
and  suitable  testing  gear  for  determining  the  forces  acting  on  full- 
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sized  machines  in  constrained  and  in  free  flight,  and  to  this  end  the 
estimates  submitted  contemplate  the  development  of  such  a  tech- 
nical and  operating  sta£F,  with  the  proper  eqmpment  for  the  conduct 
of  full-sized  experiments. 

It  is  evident  that  there  will  ultimately  be  required  a  well-quipped 
laboratory  specially  suited  to  the  solving  of  those  problems  which 
are  sure  to  develop,  but  since  the  equipment  of  such  a  laboratory 
as  could  be  laid  down  at  this  time  mi^ht  well  prove  unsuited  to  the 
lieeds  of  the  early  future,  it  is  believed  that  such  provision  should  be 
the  result  of  gradual  development. 

The  investigations  which  the  committee  proposes  in  its  program 
for  the  coming  year  can  only  be  carried  out  to  a  satisfactory  degree, 
with  itxe  limitea  facilities  already  existing,  provided  sufficient  funds 
are  made  available.  The  estimates  of  the  committee  are  based  on 
such  line  of  action,  and  on  the  assumption  that  a  flying  field  can  be 
placed  at  its  disposal  on  Government  land.  If,  however,  such 
facilities  be  not  practicable  at  this  t^ime,  some  process  may  still  be 
made  by  the  utilization  of  the  facilities  of  the  Government  aero- 
nautic stations  at  Pensacola  and  San  Diego. 

The  estimate  of  expenses  for  the  fiscal  year  ending  Jtme  30,  1917, 
is  asfoUows: 

For  carrying  into  effect  the  provisionB  of  the  act  approved  March  third,  nineteen 
hundred  and  fifteen,  establiahing  a  national  advisory  conunittee  for  aeronautics, 
there  is  hereby  appropriated,  out  of  any  money  in  the  Treasury  not  otherwise  appro- 
priated, for  experimental  work  and  investigations  undertaken  by  the  committee, 
mdhiding  technical  and  clerical  assistants  and  the  necessary  unskilled  labor,  equip- 
ment, supplies,  office  rent,  and  the  necesaary  traveling  expenses  of  the  members  and 
employees  of  me  committee,  personal  services  in  the  field,  and  in  the  District  of 
CohunDia:  Provided,  That  an  annual  report  to  the  Congress  shall  be  submitted  through 
the  President,  including  an  Itemized  statement  of  expenditures,  $85,000. 

The  committee,  therefore,  submits  its  report,  recommendations, 
and  estimates  to  your  favorable  consideration. 
Very  respectfully, 

George  P.  Sceiven, 
Brigadier  Oeneral,  Chief  Signal  Officer  of  (he  Armjf, 

Chairman. 
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ANNUAL  REPORT  OF  THE  NATIONAL  ADYISORY  COMMITTEE 

FOR  AERONAUTICS. 


National  Advisobt  CoMMnrsB  fob  ABBONAtmcs, 

State,  Wab,  anb  Navy  Building, 
Washington,  D.  C,  December  9,  1916. 
To  the  Congress: 

The  members  of  the  National  Advisory  Committee  for  Aeronautics 
were  appointed  by  the  President  on  April  2, 1915,  in  pursuance  of  the 
followmg  provision  in  the  naval  appropriation  act  (rublic.  No.  271, 
63d  Cong.),  approved  March  3,  1916: 

An  Advisory  Committee  for  Aeronautics  is  hereby  eetabliahed,  and  the  Frerident 
IB  aathorized  to  appoint  not  to  exceed  twelve  memben,  to  consist  of  two  members 
from  the  War  Department,  from  the  oflSce  in  charge  of  military  aeronautics;  two 
members  from  the  Navy  Department  from  the  office  in  chaise  of  naval  aeronautics; 
a  representative  each  of  the  Smithsonian  Institution,  of  the  United  States  Weather 
Bureau,  and  of  the  United  States  Bureau  of  Standards;  tcwether  with  not  more  than 
five  additional  persons  who  shall  be  acouainted  with  tne  needs  of  aeronautical 
science,  either  civil  or  military,  or  skilled  in  aeronautical  en^neering  or  its  allied 
sciences:  Provided^  That  the  members  of  the  Advisory  Committee  for  Aeronautics, 
as  such,  shall  serve  without  compensation:  Provided  Juriher,  That  it  shall  be  the 
duty  of  the  Advisory  Committee  for  Aeronautics  to  supervise  and  direct  the  scientific 
study  of  the  problems  of  flight,  with  a  view  to  their  practical  solution,  and  to  deter* 
mine  the  problems  which  should  be  experimentally  attacked,  and  to  discuss  their 
solution  and  their  application  to  practical  Questions.  In  the  event  of  a  laboratoiy 
or  laboratories,  either  in  whole  or  in  part,  being  placed  under  the  direction  of  the 
committee,  the  committee  may  direct  and  conduct  research  and  experiment  in 
aeronautics  in  such  laboratory  or  laboratories:  And  pnvided  further,  That  rules  and 
regulations  for  the  conduct  of  the  work  of  the  committee  uiall  be  formulated  by 
the  committee  and  approved  by  the  President. 

That  the  sum  of  95,000  a  year,  or  so  much  thereof  as  may  be  necessary,  for  five 
yean  is  hereby  appropriated,  out  of  any  money  in  the  Treasury  not  otherwise  appro- 
priated, to  be  immediately  available,  for  experimental  work  and  investigations 
undertaken  bv  the  committee,  clerical  expenses  and  supplies,  and  necessary  expenses 
of  members  ot  the  committee  in  eoing  to,  returning  from,  and  while  attending  meet- 
ings of  the  committee:  Provideal  That  an  annual  report  to  the  Congress  shall  be 
submitted  through  the  President,  including  an  itemized  statement  of  expenditures. 

APPOINTMENT  OF  COMMITTEE. 

Under  the  authority  of  the  statute  the  President  appointed  the 
following  members  of  the  committee: 

Prof .  Joseph  S.  Ames. 

Johns  Hopkins  UniverBitVy  Baltimore,  Md. 
Capt.  Mark  L.  Bristol,  United  States  Navy. 

Director  of  Naval  Aeronautics,  Navy  I)epartment. 
Prof.  William  F.  Durand, 

Leland  Stanford  Junior  University,  Stanford  University, 
Cal. 
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10  AERONAUTIOS. 

Ptof.  John  F.  Hayford, 

Northwestern  University,  EvaDston,  III. 
Prof.  Charles  F.  Marvin, 

Chief  9  United  States  Weather  Bureau. 
Hon.  B^n  R.  Newton, 

Assistant  Secretary  of  the  Treasuiy,  Treasury  Department. 
Ftof .  Michael  I.  Pupm^ 

Columbia  University,  New  York,  N.  Y. 
Ueut.  Col.  Samuel  Reb^,  United  States  Annv, 

QflBlcer  in  Chaige  Aviation  Section,  War  Department. 
Naval  Constructor  Holden  C.  Richardson,  United  States  Navy, 

Navy  Department. 
Brig.  Gen.  Oeoree  P.  Scriven,  United  States  Army. 

Chief  Signal  QflBlcer,  War  Department. 
Dr.  S.  W.  Stratton, 

Director.  United  States  Bureau  of  Standards. 
Dr.  Charles  D.  Walcott, 

Secretary,  Smithsonian  Institution. 

RULES  AND  REGULATIONS. 

The  approved  rules  and  regulations  for  the  conduct  of  the  work  of 
the  National  Advisory  Cotnmittee  for  Aeronautics,  as  approved  by 
the  President  on  June  14,  1915,  are  as  follows: 

RULES. 

1.  The  committee  mav  exeroBe  all  the  f  unctioius  authorized  in  the  act  establiflhing 
an  adviaory  committee  for  aeronautics. 

2.  The  committee,  uuder  re^lationa  to  be  eetablished  and  fees  to  be  fixed,  shall 
ezerciBe  its  f unctionB  for  the  mditary  and  civil  departments  of  the  Government  of  the 
United  States,  and  also  for  any  inoividual,  firm,  association,  or  corporation  within 
the  United  States:  Providedy  however^  That  such  department,  indiviaual,  firm,  asso- 
ciation, or  corporation  shall  defray  the  actual  cost  involved. 

3.  No  funds  shall  be  expended  for  the  development  of  inventions,  or  for  experiment- 
ing with  inventions  for  the  benefit  of  individuals  or  corporations. 

REGULATIONS  FOR  CONDUCT  OF  COMMITTEE. 
Abticlb  I. 

MBBTINOB. 

1.  The  annual  meeting  of  the  advisorv  committee  shall  be  held  in  the  dty  of  Wash* 
ington,  in  the  District  of  Columbia,  on  the  Thursday  after  the  third  Monday  of  October 
of  each  year.  A  semiannual  meeting  of  the  advisory  committee  shall  be  held  on  the 
Thursday  after  the  third  Monday  in  April  of  each  year,  at  the  same  place. 

2.  Special  meetings  of  the  advisory  committee  mav  be  called  by  the  executive  com- 
mittee, by  notice  served  personally  upon  or  by  mail  or  telegraph  to  the  usual  address 
of  each  member  at  least  five  days  prior  to  the  meeting. 

3.  Special  meetings  shall,  moreover,  be  caUed  in  the  same  manner  by  the  chairman, 
upon  the  written  request  of  five  memDers  of  the  advisory  committee. 

4.  If  practicable,  the  object  of  a  special  meeting  should  be  sent  in  writing  to  all 
members,  and  if  possible  a  special  meeting  should  be  avoided  by  obtaining^  the  views 
of  members  by  mail  or  otherwise,,  both  on  the  question  requiring  the  meeting  and  on 
the  question  of  calling  a  special  meeting. 

5.  Immediately  after  each  meeting  of  the  advisory  committee  a  draft  of  the  minutes 
shall  be  sent  to  each  member  for  approval. 

6.  There  shall  be  monthly  meetu^  of  the  executive  conmiittee. 
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1.  The  officen  of  the  advisory  committee  ihall  be  a  chairman  and  a  aecratary,  who 
ahall  be  elected  by  the  committee  by  ballot,  to  serve  for  one  year. 

2.  The  chaimum  shall  preside  at  all  meedngs  of  the  committee  and  shall  hftve  the 
vsoalpowers  of  a  presiding  oflicer. 

3.  Tne  secretary  shall  ianie  notices  of  meetings  of  the  cmnmittee,  recdd  its  trans- 
actions, and  conduct  the  oonespondence  relating  to  the  committee  and  to  the  duties 
of  his  office. 

Abtioli  III. 

«       ooMMimss. 

1.  There  shall  be  an  executive  committee  which  shall  consist  ol  seven  members,  to 
be  elected  by  the  advisory  committee  bv  ballot  from  its  membership,  for  one  year. 
Any  member  elected  to  fill  a  vacancy  shall  serve  for  the  remainder  of  his  predecessor's 
term.    The  executive  committee  shall  elect  its  chairman. 

2.  The  executive  committee  in  accordance  with  the  general  instructions  of  the 
advisory  committee,  shall  control  the  administration  of  the  affairs  of  the  committee, 
and  shall  have  general  supervision  of  all  arrangements  for  research,  and  other  matters 
undertaken  or  promoted  by  the  advisory  committee;  and  shall  keep  a  written  record 

*  of  all  transactions  and  expenditures,  and  submit  the  same  to  the*aavisory  committee 
at  each  stated  meeting;  and  it  shall  also  submit  to  the  advisory  committee,  at  the 
annual  meeting,  a  report  for  tramnnission  to  the  President. 

3.  The  executive  committee  is  authomed*to  collect  aeronautical  information,  and 
such  portion  thereof  as  may  be  appropriate  may  be  issued  as  bulletins  or  in  other 
forms. 

4.  There  may  be  subcommittees  appointed  by  the  executive  committee,  the  chair- 
men of  which  shall  be  members  of  the  advisory  committee,  and  the  other  membeia 
of  which  may  or  may  not  be  members  of  the  advisory  committee. 

5.  All  officers  and  all  members  of  committees  hold  office  until  their  successors  are 
elected  or  appointed. 

Abtioli  IV. 

.   VINANCBS. 

1.  No  expenditures  shall  be  authorized  or  made  except  in  pursuance  of  a  previous 
appropriation  by  the  advisory  committee,  or  by  authcnity  granted  by  the  advisory 
oonmuttee  to  the  executive  committee. 

2.  The  fiscal  year  .of  the  committee  shall  commence  on  the  1st  day  of  July  of  each 
year. 

3.  The  executive  committee  shall  provide  for  an  annual  audit  of  the  accounts  of 
Che  advisory  committee,  and  shall  submit  to  the  annual  meeting  of  the  advisory  com- 
mittee a  full  statement  of  the  finances  and  work  of  the  committee,  and  a  detailed 
estimate  of  the  proposed  expenditures  for  the  succeeding  fiscal  year. 

4.  The  Paymaster  General  of  the  Navy  shall  be  the  disbursing  officer  for  such  funds 
as  may  be  appropriated  for  the  use  of  the  advisory  conunittee.  The  chairman  of  the 
advisory  committee,  or  the  chairman  of  the  executive  committee,  if  authorized  by . 
the  advisory  committee,  shall  approve  all  accounts  iot  the  dLsbursement  of  funds. 

5.  Contributions  of  funds  or  collections  for  any  purpose  for  aeronautics  may  be 
made  to  the  Smithsonian  Institution,  and  disbursements  therefrom  shall  be  made  by 
the  said  institution. 

Article  V. 

AMXNDMENTS. 

1.  Amendments  to  these  rules  and  regulations  may  be  made  at  any  stated  meeting 
by  a  two-thirds  vote  of  the  advisory  committee,  subject  to  approval  by  the  President. 

ORGANIZATION  OF  COMMITTEEL 

Pursuant  to  a  call  of  the  Secretary  of  War,  by  direction  of  the 
Preaidenty  the  members  of  the  Advisory  Committee  for  Aeronautics 
met  in  the  o£Bee  of  the  Secretary  of  War  on  April  23, 1916.  The  first 
meetingwas  called  to  order  by  the  Secretary  of  War,  and  a  temporary 
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organization  was  effected.  Brig.  Gren.  George  P.  Scriven,  United 
States  Army,  was  elected  temporary  chairman,  and  Naval  Con- 
structor Holden  C.  Richardson,  Umted  States  Navy,  temporary 
secretary. 

In  conformitv  with  the  designation  in  the  call  for  the  first  meeting, 
issued  by  the  Secretary  of  War,  the  word  ' 'National"  was  prefixed 
to  the  terms  ''Advisory  Committee  for  Aeronautics." 

Under  the  authority  of  the  rules  and  regulations  the  organization 
was  completed  by  the  election  of  officers  for  one  year  as  follows: 

Brig.  Gen.  Geoige  P.  Scriven,  United  States  Anny,  chain]^. 

Naval  Constructor  Holden  0.  Eichardaon,  United  Statee  I^avy,  secretary. 

OmcBRS  AND  Members  of  Exbgtttive  CoMMnrEE. 

OFFICERS. 

Dr.  Charles  D.  Walcott,  chainnan. 

Naval  Constructor  H.  C.  Richardson,  secretary. 


MEMBERS. 


Prof.  Joseph  S.  Ames. 

Capt.  Mark  L.  Bristol,  United  States  Navy. 

Prof.  Charles  F.  Marvin. 


Prof.  Michael  I.  Pupin. 

Tieut.  Col.  S.  Reber,  United  States  Army. 

Dr.  S.  W.  Stratton. 


WORK  OF  THE  COMMITTEE. 

The  executive  conunittee  was  directed  to  consider  a  program  of 
inyestigation  and  procedure  intended  to  carry  into  effect  the  purposes 
of  the  act  creating  the  advisory  committee,  and  to  report  the  same 
with  recommendations.  The  recommendations  and  the  report  of 
the  executive  committee  were  approved  bv  the  general  conmuttee  at 
the  annual  meeting,  and  are  incorporated,  in  this  report. 

The  authority  of  the  advisory  committee  was  given  to  the  executive 
committee  to  institute  special  investigations  that  promised  to  be  of 
service  to  aviation.  The  results  are  ^own  in  the  reports  forwarded 
herewith  as  appendices.  The  limited  time  and  the  limited  funds 
available  both  combined  to  prevent  the  accompUshment  of  additional 
work  of  importance,  which  might  otherwise  nave  been  undertaken. 

llie  executive  committee  instituted  an  investigation  of  facilities 
available  in  various  colleges,  technical  and  engineering  institutions, 
and  among  manufacturers  and  various  aeronautic  societies,  for  the 
carrying  on  of  aeronautic  investigations.  It  was  foimd  that  limited 
facilities  were  available  for  attacking  various  problems  of  aeronautic 
design,  and  that  same  could  be  made  availaole  to  the  committee, 
provided  funds  were  available  to  carry  out  the  necessary  experiments, 
or  to  engage  competent  ^igineers  on  different  phases  of  the  work. 
A  number  of  institutions  have  available  mechamcal  laboratories  and 
engineering  courses  capable  of  application  to  aeronautics,  but  only 
the  Massachusetts  Institute  of  Technology  and  the  University  of 
Michigan  so  far  offer  re^lar  courses  of  instruction  and  experi- 
mentation. Worcester  P^ytechnic  Institute  has  conducted  experi- 
ments on  fuU-sized  propellers  moimted  on  a  whirling  table  turning 
on  a  pivot  in  the  middle  of  a  pond.  The  arms  of  the  whirling  table 
are  provided  at  one  end  witn  a  dynamometer  for  measuring  the 
torque  and  thrust  and  revolutions  of  the  propeller,  and  at  the  center  a 
control  stand  for  controlling  the  speed  of  tne  propeller.    The  speed 
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of  the  rotating  ann  is  controlled  by  means  of  a  drag  in  the  water, 
attached  to  the  opposite  end  of  the  rotating  arm.  While  there  are 
objections  to  this  method  of  testing  in  a  circular  path  in  the  open, 
the  method  is  ingenious  and  the  results  obtained  should  be  valuable, 
particularly  for  comparison.  In  general,  however,  it  appears  that 
the  interest  of  colleges  is  more  one  of  curiosity  tnan  tnat  of  con- 
sidering the  problem  as  a  true  engineering  one,  requiring  development 
of  engmeering  resources  and,  therefore,  as  not  yet  of  sufficient 
importance  to  engage  their  serious  attention.  Manufacturers  are 
principally  interested  in  the  development  of  types  which  will  meet 
Government  requirements  or  popular  demand,  but  which  will  not 
involve  too  radical  or  sudden  changes  from  their  assumed  standard 
types. 

As  a  result  of  the  investigations  of  the  facilities  available  in  this 
country,  and  of  the  problems  requiring  solution,  it  is  foimd  that 
many  problems  exist  requiring  careful  and  thorough  investigation, 
which  could  be  attacked  with  facilities  which  can  be  placed  at  the 
disposal  of  the  committee,  provided  sufficient  funds  are  made  avail- 
able. Considerable  work  has  alreadv  been  accomplished  in  aero- 
nautics with  which  the  general  pubUc  is  not  acquainted.  This 
covers  lines  of  development  and  mvestigation  which  if  published 
would  save  money  and  effort  on  the  part  of  individual  investigators 
and  inventors  who  are  now  duplicating  investigations  already  made 
by  others.  Some  of  these  investigations  have  resulted  in  improve- 
ment; others  have  shown  the  futihty  of  development  on  certain  lines. 
Some  of  this  information  is  already  embodiea  in  reports  which  are 
only  accessible  to  a  few  interested  parties  who  know  of  its  existence. 
Much  can  be  accomplished  by  making  the  results  of  such  investiga- 
tions accessible,  either  in  a  reference  liorary  or  in  the  form  of  reports. 

PROBLEMa 

Of  the  jpaany  problems  now  engaging  general  attention,  the  follow- 
ing are  considered  of  immediate  importance  and  will  be  considered 
by  the  committee  as  rapidly  as  funds  can  be  secured  for  the  purpose: 

A.  Siahility  as  determined  by  mcUkemaiicdl  moestwoHons. — The  re- 
duction to  practical  form  of  the  analytical  methods  of  determining 
the  stability  of  aeroplanes  from  design  data,  without  necessarily 
requiringwind-tunnel  tests  or  full-sized  tests  oi  same. 

(Or-i)  This  will  require  first  a  thorou^  investigation  by  compe- 
tent mathematicians  and  physicists  of  the  work  so  far  accomplished 
by  different  authorities  oi  prominence  in  this  country  and  abroad. 
Tne  publication  of  many  valuable  treatises  which  have  already  been 
prepared  is  not  sufficient,  as  many  of  these  treatises  are  presented 
m  such  highly  technical  manner  that  they  are  not  in  form  to  be 
comprehendea  by  designers  and  manufacturers  who  are  otherwise 
fitted  for  practical  accomplishments  in  aeronautical  work. 

(a^2)  Another  phase  oi  these  investigations  is  the  natural  tend- 
ency on  the  part  of  designerB  and  constructors  to  assume  that  math- 
ematical theories  are  of  use  only  to  those  who  are  mathematically 
inclined;  and  there  is  objection^  frequently  based  on  good  groxmd, 
that  in  order  to  arrive  at  solutions  of  tne  complicated  equations 
involved,  mathematicians  necessarily  make  certain  assumptions 
which  are  not  always  based  on  actual  conditions,  and  though  the 
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condcisions  draim  are  logical,  based  on  the  aasamptions  made,  there 
is  reasonable  doubt  if  the  resulting  conclusions  apply  to  a  complete 
machine.  Until  such  distrust  is  overcome,  true  engineering  progress 
in  the  design  of  air  craft  will  be  hampered  and  progress  wm  dej^d, 
much  as  in  the  past,  on  ''cut  and  Ixy"  methods.  However,  when 
the  mathematician  can  explain  by  a  correct  application  of  mathe- 
matical analysis  why  certam  things  occur  in  practice,  for  which  no 
satisf actoi^  solution  has  been  found,  a  start  wul  be  made  toward  the 
removal  of  the  distrust  of  mathematical  f ormul»  and  real  progress 
b^in.  As  an  instance  of  such  application  attention  is  invit^  to 
the  report  of  Hunsaker  and  Wilson,  of  the  Massachusetts  Institute 
of  Technology  (Report  No.  1),  in  which  it  is  shown  that  although 
an  aeroplane  is  designed  so  that  statically  it  is  stable  to  a  satisfactory 
decree,  it  does  not  necessarily  follow  that  the  machine  is  dynamically 
stable;  and  in  fact  in  the  case  investigated  it  was  found  that  while 
within  certain  limits  the  machine  was  dynamically  stable,  the  limits 
of  dynamic  stability  were  much  smaller  than  supposed,  and  at  low 
speeds  dynamic  instability  existed  to  such  a  d^ree  as  to  require 
correction  in  the  design.  Such  instability  has  probably  been  the 
cause  of  a  large  niuxiDer  of  accidents,  lind  yet  constructors  and 
designers  were  at  a  loss  to  explain  the  cause  until  demonstrated  by 
the  test  of  a  model  of  an  actual  madiine  in  a  wind  tunnel. 

B,  Airspeed  meters. — ^An  important  problem  to  aviation  in 
general  is  the  devising  of  accurate,  reliable,  and  durable  air-speed 
meters  and  other  aeronautic  instruments  lor  the  navigation  and 
control  of  air  craft. 

(^1)  The  most  important  of  these  problems  is  that  of  the  pre- 
vention of  ''stalling^'  of  aeroplanes.  The  conunittee  considers 
''stalling''  responsible  for  a  very  high  percentaj^e  of  aeroplane 
accidents.  It  is  believed  that  at  present  the  possioility  of  stalling 
exists  in  all  machines,  except  a  few  which  have  been  specially  designed 
to  have  a  high  degree  of  inherent  longitudinal  stability;  but  it  appears 
desirable  and  necessary  to  use  ma<£ines  of  a  normal  type,  because 
of  certain  considerations  affectinjg  tiie  methods  of  using  these  machines 
in  warfare  and  also  because  oicertain  restrictions  mvolved  in  the 
performances  of  machines  of  the  inherentiy  stable  type.  The  best 
means  of  preventing  stalling  is  the  development  of  a 'reliable  air- 
speed meter,  which  by  its  indications  will  give  warning  of  the  approach 
to  those  conditions  which  produce  stalling.  A«  number  of  such 
meters  already  exist  in  dififerent  forms,  but  none  so  far  developed 
or  brought  to  the  attention  of  the  committee  is  considered  to  be 
satisf  act^  or  reliable. 

(&-2)  The  Bureau  of  Standards  is  now  engaged  in  investigation 
of  such  meters,  and  attention  is  invited  to  the  report  of  Prof.  Herschel 
and  Dr.  Buckingham  of  the  bureau  on  Pitot  tubes.  (Report 
No.  2.)  In  addition  to  the  investigation  by  the  Bureau  of  Standards 
referred  to,  a  number  of  manufacturers  and  individuals  are  already 
engaged  in  the  development  of  air-speed  meters.  The  development 
of  otner  forms  of  aeronautical  instruments  is  in  a  more  satisfactory 
condition  and  is  progressing  steadily. 

C.  Wing  seetUma. — The  evolution  of  more  efficient  wing  sections 
of  practical  form,  embodying  suitable  dimensions  for  an  economical 
structure,  with  moderate  travel  of  the  center  of  pressure  and  still 
affording  a  large  range  of  angle  of  attack  combined  with  efficient 
action. 
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D.  Motors. — ^The  deyelopment  of  high  powered  aeronautic  motors 
of  the  lightest  possible  constmction  consistent  with  reliable  opera- 
tion and  the  maximum  economy  of  fuel  and  oil  consumption. 

(d-l)  The  committee  is  of  the  opinion  that  with  proper  encourage- 
ment, satisfactory  types  of  aeroplane  motors  can  be  developed  which 
win  rival  in  efficiency  and  certainty  of  operation  the  automobile 
motors  of  to-day  and  the  best  aeronautic  motors  which  have  been 
developed  abroad.  This  will  require  that  manufacturers  having 
capable  organizations  at  their  disposal  shall  become  interested  in 
aeronautic  development  and  see  a  market  for  their  products.  In  the 
meantime,  both  the  War  and  Navy  Departments  are  already  engaged 
on  this  problem  and  may  be  expected  to  contribute  valuable  informa- 
tion in  the  near  future.  By  employing  some  of  the  most  competent 
engineers  of  this  country  on  investigations  of  the  many  complicated 
details  of  design  of  gas  engines,  the  committee  should  be  able  to  make 
substantial  progress  on  these  lines. 

((^-2)  An  efficient  form  of  radiator  is  needed^  which  will  provide 
satisfactory  cooling  for  water  cooled  motors,  without  involvmg  too 
much  wei^t  or  resistance,  and  it  is  desirable  that  the  principfos  of 
design  should  be  carefully  investigated  with  a  view  to  the  develop- 
ment of  a  type  which  will  embody  the  different  qualities  reauired  m 
BQch  a  manner  as  to  have  the  least  unfavorable  effect  on  tne  aero- 
dynamic efficiency  of  aircraft. 

(<2-3)  An  efficient  form  of  muffler  for  internal  combustion  engines 
is  necessary  for  military  aircraft.  An  attempt  bv  the  committee  to 
obtain  a  report  on  this  subject  has  so  far  been  unfruitful,  though  it  is 
hoped  that  satisfactory  progress  can  be  made  in  the  near  future. 
Tne  problem  is  not  a  simple  one  on  account  of  the  high  power  of  the 
motors  used. 

E.  PropdUrs. — The  development  of  more  efficient  air  propellers, 
which  will  hold  their  efficiency  at  high  values  over  a  large  range  of 
speed  of  advance.  Also  improvements  in  design  of  propelfers  relative 
to  materials  and  details  of  construotioUy  leading  toward  reduced 
weight  and  greater  permanence  of  form,  together  with  provision  for 
reaay  repairs  and  moderate  cost  of  construction. 

(e-1)  it  is  considered  that  this  country  has  available  a  number  of 
competent  authorities  on  propellers  for  water  craft,  who  are  thor* 
ou^my  equipped  to  place  the  design  of  aeronautic  propellers  on  a 
satisfactory  oasis,  ana  it  is  advisabk  that  the  committee  should  have 
at  its  disposal  funds  to  engage  such  talent  on  the  development  of 
propeller  design.  A  great  deal  of  work  has  already  been  accomplished 
abroad  and  is  avaUable  for  use,  and  though  high  efficiency  of  design 
has  been  attained  abroad,  the  progress  on  these  lines  in  this  country 
has  been  limited. 

F.  Form  of  eieroplane. — ^Improvements  in  the  form  of  aeroplane 
leading  toward  natural  inherent  stabilitv  to  such  a  degree  as  to 
relieve  largely  the  attention  of  the  pilot  while  still  retaining  sufficient 
flexibility  and  control  to  maintain  any  desired  path,  without  seri- 
ously impairing  the  efficiency  of  the  desiCTi. 

G.  Raduhteufraphif. — ^It  is  exceedin^y  desirable  that  the.  com- 
mittee should  mvestigate  ii^e  question  of  apparatus  to  be  used  in 
sending  messages  from  aeroplanes  in  order  that  there  may  be  sure 
means  of  commimication  between  the  aeroplane  and  fixed  base 
stations. 
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PHYSICAL  PROBLEMS. 

Beside  the  more  general  problems,  the  following  problems  of  a 
physical  rather  than  aeronautical  nature  are  of  particular  interest: 

A.  Noncorrosive  materials. — ^The  availability  of  noncorrosive  ma- 
terials for  construction  details  and  fittings;  such  materials  to  have 
qualities  comparable  with  those  attainable  in  different  grades  of 
steel,  both  as  to  ph\Bical  properties  and  as  to  reliabiUtv. 

(o-l)  Work  on  this  line  is  already  weU  in  hand  at  the  Bureau  of 
Standards. 

B.  Flat  and  carribered  surfaces. — ^A  complete  investigation  of  the 
effects  of  combinations  of  flat  and  cambered  surf  aces  joined  by  hinges, 
as  is  usual  in  the  construction  of  rudders. 

(6-1)  No  extended  work  on  these  lines  has  yet  been  carried  out, 
though  faciUties  exist  at  the  Washington  Navy  Yard  and  at  the 
Massachusetts  Institute  of  Technology. 

C.  Terminal  connections. — ^The  development  of  reliable  terminal 
connections  for  truss  wires,  which  will  develop,  if  practicable,  the 
full  strength  of  the  wire  without  involving  too  much  Dulk  or  weight, 
and  without  involving  danger  due  to  unusual  care  being  requirea  in 
attaching  same;  that  is,  the  solution  must  be  a  practical  and  not  a 
laboratory  one. 

(e-1)  A  valuable  contribution  to  this  question  is  submitted  in  the 
report  volunteered  by  the  John  A.  Roebling's  Sons  Co.  (Report 
No.  3.) 

D.  Characteristics  of  constructive  materials. — ^An  accurate  and  au- 
thentic determination  of  the  phvsical  characteristics  of  all  classes  of 
woods,  metals,  and  fabrics  whicn  enter  into  the  present-day  types  of 
construction. 

(d-l)  Considerable  information  on  these  lines  is  undoubtedly  avail- 
able in  the  laboratory  records  of  various  technical  institutions,  but 
is  not  ^enerallv  accessible.  The  Bureau  of  Standards  is  well  equipped 
for  this  line  or  work. 

E.  Generation  of  hydrogen.— The  generating  of  hydrogen  econontii- 
cally  at  sea  on  a  ship  rolung  in  a  seaway  is  a  problem  to  be  solved. 

(€-1)  There  are  many  systems  of  generating  hydrogen  on  land,  but 
many  of  these  would  be  aefective  if  installed  aboard  ship.  Any  in- 
stallation for  this  purpose  aboard  ship  should  combine  capacity,  com- 
Sactness  and  economy,  and  certainty  of  operation  to  the  nighest 
cOTee. 

1P.  Standardization  of  nomenclature. — ^The  standardization  of  aero- 
nautical nomenclature  is  most  desirable  for  the  whole  country. 

(f-1)  This  question  has  already  been  attacked  by  the  Army  and 
Navy,  and  the  reports  of  these  branches  of  the  service  should  form  a 
good,  basis  for  the  jvrork  of  the  committee. 

G.  Standardization  of  specifications. — Standardization  of  specifica* 
tions  for  aeroplane  materials  for  use  of  the  Government  and  people  of 
tlus  country. 

(g-l)  A  proposition  on  these  lines  from  a  prominent  manufacturer 
has  already  been  received,  and  the  committee  has  taken' steps  toward 
the  devdopment  of  such  specifications.^ 

H.  Bibliography^  of  aviation. — ^Revision  and  continuation  of  the 
bibUo^aphy  of  aviation. 

I.  UoUectumj  revision,  and  issuance  of  reports  and  bulletins  covering 
the  state  of  the  art  of  aeronautics,  the  primary  purpose  being  to  avoid 
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as  far  as  possible  unnecessaiy  duplication  of  work  which  has  already 
been  well  done. 

.  J.  LimiUUion  of  size. — ^Determination  of  the  present  upper  limits 
with  regard  to  size  and  carrying  capacity,  with  special  reference  to 
the  means  by  which  those  limits  may  be  extended,  it  being  very  im- 
portant to  mow  approximately  the  present  limitations  in  size  and 
carrying  capadty  and  to  what  elements  these  limitations  apply,  and 
why. 

K.  QmieB  of  aendenU. — Securing  and  carefully  compiling  of  re- 
ports of  causes  of  accidents  in  aeronautics. 

ik-1)  While  conditions  have  changed  decidedly  from  the  early  days 
of  aeronautics  in  this  countryi  there  is  still  evidence  of  carelessness  m 
the  design  and  operation  of  aeroplanes.  It  would  appear  as  coming 
within  the  province  of  this  committee  that  legislation  should  be  en- 
acted toward  obtaining  control  of  this  featiue  at  an  early  date. 
However,  any  such  legislation  should  be  most  carefully  considered 
and  the  views  of  those  interested  should  be  obtained.  This  is  par- 
ticularly necessary,  as  already  a  number  of  attempts  have  been  made 
toward  legislation  in  different  States,  with  the  result  that  in  one  State, 
at  least,  experimental  work  is  practically  prohibited,  not  because 
inventors  and  constructors  can  not  comply  with  the  law,  but  because 
the  operation  of  the  law  requires  facilities  which  do  not  exist  in  the 
State  in  which  the  laws  have  been  passed.  With  a  view  toward  de- 
termining the  requirements  of  such  legislation,  it  is  proposed  that  a 
.  beginning  be  made  by  requesting  that  all  accidents  be  reported  to 
the  advisory  committee  on  forms  to  be  published  by  the  committee, 
embodying  a  set  of  categorical  questions,  the  answers  to  which  may 
lead  to  a  determination  of  the  principal  causes  of  accidents.  In 
cases  where  such  accidents  result  in  the  maiming  or  killing  of  spec- 
tators or  flyers^  such  questions  should  be  answered  by  the  investi- 
gating authorities.  The  word  ^'reauest"  is  used  in  view  of  the  pos- 
sible conflicts  of  State  and  Federal  authority  and  jurisdiction;  and 
whereas  it  is  very  probable  that  both  State  and  Federal  authorities 
would  be  willing  and  glad  to  cooperate  in  this  work  in  response  to  a 
reouest,  it  is  not  clear  that  such  cooperation  would  follow  legialation, 
unless  carefully  worked  out. 

STANDABDS  OF  WORK. 

While  the  functions  of  the  committee  are  not  considered  directly 
to  be  concerned  with  the  question  of  preparations  for  defense,  in  the 
ojnnion  of  the  committee  it  is  of  greatest  importance  that  the  manu- 
facturers of  aircraft  and  the  War  and  Navy  Departments,  at  present 
the  principal  consumers,  should  come  to  a  demiite  agreement  as  to 
the  standards  of  work  necessary  to  facilitate  production  and  repairs. 
Of  the  most  importance  in  this  line  is  the  preparation  of  standard 
specifications  for  materials  and  tests.  In  this  manner  the  producers 
and  consumers  will  have  a  clear  understanding  on  which  to  oase  con- 
tracts, and  under  the  stress  of  war  oonditions  the  multiplication  of 
aircraft  would  be  greatly  f acilitkted.  • 
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IMPORTANCE  OF  WORK  TO  ARMY  AND  NAYT. 

The  importacLce  of  aircraft  to  the  War  aiid  Navy  Departments,  in 
view  of  the  utilization  of  such  craft  in,  the  present  war  in  Europe,  is 
so  evident  that  no  further  comment  is  offered.  It  is,  howevei; 
strongly  recommended  that  every  consideration  should  be  given 
towara  the  provision  of  adequate  facilities  for  initiating  and  con- 
ducting the  unportant  experimental  work  necessary  for  tne  efficient 
development  of  both  branches  of  the  service  on  aeronautical  lines. 

QUARTERS  FOR  COMMITTEE. 

By  courtesy  of  the  Secretary  of  War,  the  first  meetings  of  the 
advisory  committee  and  the  executive  committee  were  held  in  the 
reception  room  in  the  office  of  the  Secretary  of  War,  and  the  annual 
meeting  was  also  held  in  that  room.  In  accordance  with  the  instruc- 
tions of  the  advisory  committee,  the  executive  committee  attempted 
to  obtain  quarters  in  the  State,  War,  and  Navy  Department  Builoing, 
but  found  that  each  of  these  departments  was  so  crowded  for  space 
that  none  was  available.  However,  through  the  courtesy  of  the  Sec- 
retary of  War,  the  meetings  of  the  executive  committee  have  been  held 
in  the  private  office  of  the  officer  in  charge  of  the  Aviation  Section, , 
War  Department,  and  the  office  work  of  the  committee  has  been  tem- 
porarily conducted  and  the  files  have  been  kept  in  a  portion  of  a  room 
adjoining  the  same  office.  While  such  improvised  quarters  for  the 
committee  served  their  purpose,  such  temporary  quarters  are  not  8at% 
isf  actory  or  suited  to  the  needs  of  the  committee.  Suitable  quarters 
can  be  obtained  at  moderate  cost  in  one  of  the  several  office  buildiiu^ 
centrally  located  in  the  city  of  Washington.  It  is  for  this  reason  the 
committee  recommends  that  provision  for  suitable  quarters  be  made 
in  the  next  appropriation  act. 

EXISTING  FACILITIES  FOR  AERONAUTIG  INVESTIGATION  IN  GOVERN- 
MENT DEPARTMENTS. 

For  the  conduct  of  the  work  outlined,  limited  facilities  already  exist 
in  different  Government  departments  about  as  described  in  eeneral 
terms  in  the  following.  These  facilities  can  be  au^ented  Dy  the 
facilities  described  as  existing  in  the  different  techmcal  institutions, 
etc.,  previously  referred  to: 

A.  The  Bureau  of  Standards  is  well  ecjuipped  for  carrying  on  all 
investigations  involving  the  determination  of  the  physical  factors 
entering  into  aeronautic  design,  and  is  prepared  tp  take  up  such  mat- 
ters as  are  of  sufficient  general  interest  to  warrant  same. 

B.  The  NavyDepartment  is  equipped  with  a  model  basin  and  wind 
tunnel  at  the  Washington  Navy  Yard,  with  adequate  shop  facilities 
for  canying  on  the  work  in  a  limited  way,  and  is  also  constructing  at 
.the  Washington  Navy  Yard  a  plant  for  the  testing  of  aeronautic 
motors  and  devices  involved  in  their  operation,  which  will  be  in  com- 
mission at  an  early  date.  Abo,  under  the  Navy  Department  steady 
prepress  is  being  made  in  attacking  practical  problems  involved  in 
the  development  of  the  Navy  aeronautic  service  at  its  station  at 
Pensacola,  and  theoretical  and  practical  designs  are  in  hand  in  the 
Bureaus  of  Construction  and  Repair  and  Steam  Engineering. 
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C.  The  War  Department  has  limited  facilities  at  the  flying  school 
at  San  DiegOy  for  investigations  of  interest  to  that  branch  of  tne  serv- 
ice,  and  is  able  to  carry  out  in  a  limited  waj  experiments  of  interest 
to  the  service  on  ftiU-sized  machines,  for  which  work  it  has  the  assist- 
ance of  technical  experts. 

D.  The  Weather  Bureau  is  weQ  equipped  for  the  determination  of 
the  problems  of  the  atmosphere  in  relation  to  aeronautics^  and  Prof. 
Marvin,  a  member  of  the  advisory  committee,  is  the  chairman  of  a 
subcommittee  engaged  on  this  problem.  The  work,  however,  will 
necessarily  be  liimted  until  the  necessary  funds  for  more  extensive 
work  become  available.  There  is  already  available  in  the  records  of 
the  bureau  much  information  of  value  wnich  requires  compilation  in 
a  form  suited  to  aeronautic  rejquirements,  and  this  work  is  the 
subject  of  a  preliminary  report  induded  in  the  annual  report  of  the 
committee.  ' 

E.  The  Smithsonian  Institution  has  been  engaged  for  a  number  of 
years  on  the  compilation  of  the  bibliography  of  aeronautics,  and  is 
prepared  to  continue  this  work  for  at  least  two  years  more  with  the 
lunds  at  its  disposal.  The  institution  has  also  contributed  funds 
toward  the  development  of  the  work  of  the  subcommittee  of  the 
Weather  Bureau  in  its  investigation  of  the  problem  of  the  atmosphere 
in  relation  to  aeronautics. 
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A  statement  showing  the  expenditures  of  the  committee  is  sub- 
mitted herewith. 

Sfjonmary  of  expendUurti  under  appropriation  "Advi$ory  CommiUee  for  Aeronaulia, 

1915,'' 

Clerical  servlcea $28. 67 

Office  furniture 67. 00 

Stationery  and  eMquipment 233.34 

Members'  traveling  expenses 286. 65 

Telegrams 24.28 

Technical  reports  from  Massachusetts  Itistitute  of  Technology,  United 
States  Rubber  Co.,  Columbia  and  Cornell  UniverBities 3, 301. 00 

Total  expended  and  obligated 3, 938. 94 

Unobligated  balance  turned  into  Treasury 1, 061. 06 

Amount  of  appropriation 5, 000. 00 

CX>NCLUSIONS. 

From  the  above,  it  will  be  apparent  that  utilizing  all  facilities  at 
present  available,  the  progress  that  can  be  made  wilTbe  fragmentarv 
and  at  best  lack  that  coordination  which  is  necessary  to  accompUsn 
in  a  direct,  continuous,  and  efficient  manner,  and  as  rapidly  as  practi- 
cable, the  important  work  now  in  sight,  if  the  committee  is  to  be 
prepared  to  keep  pace  with  the  increasing  needs  of  the  very  rapid 
development  already  under  way,  stimulated  by  the  unusual  condi- 
tions existing  in  Europe,  the  facilities  and  technical  assistance  recom- 
mended are  essential.  While  the  needs  at  present  are  principally 
those  which  have  an  important  bearing  on  miUtary  preparedness,  the 
committee  is  of  the  opinion  that  aeronautics  has  made  such  rapid 
strides  that  when  the  war  is  over  there  wiU  be  found  available  classes 
of  aircraft  and  a  trained  personnel  for  their  oi>eration,  which  will  rap- 
idly force  aeronautics  into  commercial  fields,  involving  developments 
of  which  to-day  we  barely  dream. 

Respectfully  submitted. 

Geoboe  p.  Scriven, 
Brigadier  Oenerdl,  Chief  Signal  Officer  of  the  Army, 

Cfhairman. 
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SZPEBIMENTAL  ANALYSIS  OF  INHERENT  LONGITUDINAL 
STAHILITr  FOR  A  TTHCAL  BIPLANE. 

By  Jbboms  0.  HuiraAKBB. 


Abticls  1. 
INTRODUCTION* 

A  model  of  span  18  inches^  representing  a  typical  military  tractor 
biplime,  was  tested  in  the  wind  tunnel  of  the  Massachusetts  Institute 
ot  Technology.  Tlie  lift,  drift,  and  pitching  moment  were  measured 
for  a  series  of  angles  oi  inciaence  corresponding  to  the  m^Timnm 
possible  changes  of  flight  attitude.  Only  the  discussion  of  sym- 
metrical or  longitudinu  changes  is  given  here.  A  report  on  the 
lateral  stability  of  the  same  mMel  is  reserved  for- a  later  date.  From 
the  observed  rate  of  variation  of  the  forces  and  pitching  moment,  it 
was  possible  to  calcuJate  the  "derivatives''  neecied  in  the  complete 
theory  of  longitudinal  stability  in  still  air.  The  damping  oi  the 
pitchmg  oscillation  was  also  determined  experimentally. 

The  method  followed  is  that  of  L.  Bairstow  in  his  extension  of 
Bryan's  theory.  Notation  also  fallows  Bairstow.  The  value  of 
Routh's  discriminant,  which  Bryan  has  shown  to  be  a  measure  of 
dynamical  longitudinal  stability,  has  been  calculated  for  six  speeds, 
ranging  from  the  maximum  to  the  minimuni  possible  speeds  for  the 
aeroplane  type  selected.  The  principal  point  of  interest  brought 
out  m  this  connection  is  that  stabiuty  falls  off  rapidly  as  speed 
decreases  or  angle  of  attack  increases,  and  that  while  this  aeroplane 
appears  to  be  very  stable  at  high  speeds,  it  is  frankly  unstal^e  at 
speeds  below  47  miles  per  hour. 

This  instability  at  low  spe^s  takes  the  form  of  an  oscillation  in 
pitch  combined  with  changing  in  forward  speed  and  a  rising  and . 
sinking  of  the  whole  aeroplane,  which,  therefore,  follows  an  undumory 
flight  path.  Tbe  period!^  of  the  undulation  is  about  12  seconds,  and 
tbe  amplitude  doubles  itself  in  less  than  20  seconds.  Obviously,  the 
pilot  can  not  safely  abandon  his  controls  at  slow  speed. 

The  importance  of  this  dempi>strated  instability  at  low  speeds 
should  be  appreciated  in  view  of  recent  accidents  with  military 
aeraplftucs  waen  operated  at  alow  speeds. 

The  entire  investigation  of  inherent  Icmgitudinal  stability  was  prs* 
liminary  to  the  discussion  of  the  effect  of  wind  gusts.  Naturally,  it 
was  first  necessary  to  find  a  stable  aeroplane  and  to  obtain  some  idea 
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26  ABBONAUTICS. 

of  the  ''range"  of  stability.  It  now  appears  that  a  typical  aeroplane 
is  inherently  stable  in  the  sense  defined  at  high  speeds  only.  The 
effect  of  gusts  on  the  uncontrolled  aeroplane  will,  therefore,  be 
investigatM  only  for  the  high-speed  condition.  At  low  speeds  the 
aeroplane  can  not  be  left  to  itself  in  s^  air.  Consequently,  a  dis- 
cussion of  its  certain  destruction  if  abandoned  in  gusty  air  appears 
unprofitable. 

Article  2. 

MODEL  AND  PBOTOTTFB. 

The  tTpe  of  aeroplane  selected  is  a  high-speed  military  biplane 
tractor  Known  as  Ourtisa  JN2,  Shop  plans  of  this  aeroplane  were 
kbdly  furnished  by  the  Curtiss  Aeroplane  Co.,  Buffalo,  N.  Y.,  to 
whom  acknowledgment  must  be  made  for  much  yaluable  assistance, 
including  the  experimental  determination  of  moments  of  inertia,  etc., 
by  Dr.  A.  F.  Zahm  of  that  company. 

The  principal  dimensions  of  the  aeroplane  were  assumed  as  follows: 

Weight  full  load pounds..  1,800 

Brake  horsepower honepower . .      110 

MaTimum  speed  for  calculations miles  per  hour. .       79 

Miuimnm  speed  for  calculations do 43.7 

Total  wing  area  (including  ailerons) square  feet..  3S10 

Area  fixed  tail do....    23.0 

Area  horizontal  rudder do 19.0 

Area  vertical  rudder do....      7.8 

Span  of  wings feet..    38.0 

Cinord  of  wings do 6.3 

•        Gap  between  wings do....      5.3 

Length  of  body do....    28.0 

The  model  was  made  geometrically  similar  to  its  prototype  and 
one  twenty-fourth  scale.  The  genem  features  are  shown  in  the 
drawings  of  the  model.  (Figs.  1  a,  ft,  c.)  The  model  was  an  exact 
copy  of  the  aeroplane  except  for  the  propeller  and  wing  wiring, 
which  features  were  omittea.  Also  wing  struts  were  made  round 
instead  of  ''stream-Une"  in  section.  Siuce  it  is  weU  known  that 
the  resistance  of  a  series  of  similar  aeroplanes  varies  somewhat  less 
n^idly  than  the  square  of  the  speed  and  square  of  a  linear  dimen- 
sion, due  to  skin  fiiction,  it  is  believed  that  the  prediction  of  the 
resistance  of  the  full  size  aeroplane  from  the  observed  model  resistance 
will  still  be  a  fair  estimate  in  spite  of  omissions  on  the  modd. 

For  simplicity,  the  model  was  made  with  the  trailing  ailerons  or 
wing  flaps  integral  with  the  wings.  This  somewhat  increases  the 
effective  supporting  area.  Also  the  fixed  tail  and  elevator  were 
made  in  one,  corresponding  to  the  elevator  held  fast  in  its  neutral 
position.    These  points  are  made  dear  on  the  drawings  of  the  model. 

Abucle  3. 

general  wind  tunnel  procedube. 

The  model  was  tested  in  the  4-ioot  wind  tunnel  at  a  velocity  of  30 
miles  per  hour.  The  wind  tunnel  and  aerodynamical  balance  are 
duplicates  of  the  installation  of  the  National  Physical  Laboratory,  Ted- 
dington,  England,  and  reference  should  be  made  to  the  Technical 
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Report  of  the  Advisory  Committee  for  Aeronautics,  London,  1912-13, 
for  detail  description  and  methods  of  operation. 

In  general,  it  may  be  stated  that  the  wind  tiumel  provides  a  wind« 
constant  in  velocity  within  1  per  cent,  which  velocity  is  further  con- 
stant across  the  working  cross  section  of  the  tunnel  within  1{  per 
cent.  Velocity  is  measured  by  a  suction  plate  calibrated  against  a 
standard  Pitot  tube  with  a  precision  of  one-half  per  cent.  The 
model  is  mounted  on  the  balance  in  various  attitudes  of  pitch  or  yaw, 
and  in  such  positions  are  measured  the  three  forces  and  three  couples 
produced  by  the  wind  along  and  about  three  mutually  perpendicular 
axes  in  sp^ace.  From  a  knowledge  of  the  variation  of  these  forces  and 
couples  with  change  of  attitude,  tne  so-called '' resistance  derivatives  " 
of  Aryan's  *  theory  of  dynamical  stability  may  be  computed. 

The  theory  of  stability  also  requires  the  determination  of  the  damp- 
ing of  oscillations  about  the  center  of  gravity  of  the  aeroplane.  A 
special  oscillating  apparatus  was  built  for  these  tests  which  will  be 
described  below.  Ky  oscillating  the  model  in  the  wind  and  observing 
the  decrement  of  amplitude  witn  time,  it  was  possible  to  estimate  the 
''rotary  derivatives.'' 

Article  4. 

LONGITUDINAL  TESTS. 

The  model  was  mounted  on  the  balance  with  its  wings  in  a  vertical 
plane  by  means  of  a  vertical  rod  driven  into  the  body  ^t  the  point 
sl^own  on  figure  15.  By  swinging  the  model  about  the  vertical  axis 
passing  through  the  spindle,  the  angle  of  wind  to  the  wing  chord  was 
varied  from + 20°  to  —  8°.  At  each  attitude  the  force  across  the  wind 
or  "Lift,"  force  down  wind  or  "Drift,"  and  the  pitching  moment 
about  the  spindle  were  measured.  The  signs  were  taken  so  that 
an  actual  lift,  actual  head  resistance,  and  a  stalling  moment  are  posi- 
tive. The  wind  velocity  was  30  miles  per  hour  of  standard  dry  aor 
at  15°  C.  and  776  mm.  Hg.  The  experunental  points  are  shown  on 
fijpre  2,  where  forces  axe  m  pounds  and  moments  in  inch-pounds. 
The  precision  of  measurement  is  within  1  per  cent. 

For  a  given  attitude,  the  resultant  force  on  the  model  in  pounds 
at  30  miles  per  hour  is  R^-^D+D*.    This  resultant  makes  an 

angle  with  the  wind  direction  given  by  a  =  tan"*  -g*    The  force  R 

is  observed  to  have  a  pitching  moment  M  about  the  spindle  axis. 
It  may  then  be  assumed  to  be  situated  so  that  the  perpendicular 

from  this  axis  to  £  is  given  by  a?"=-p'  The  vector  R  is  thus  deter- 
mined in  magnitude,  direction,  and  line  of  application.  The  resultant 
force  vectors  R  are  shown  on  figure  lb  to  a  scale  1  inch  equals  0.2 
pound.  The  vector  i?  is  purely  an  algebraic  substitution  for  the 
complicated  system  'of  forces  and  couples  acting  on  the  aeroplane. 
The  vectors  are  drawn  relative  to  the  aeroplane. 

The  center  of  gravity  was  assumed  to  lie  as  ^own  near  the  inter- 
section of  the  propeller  axis  with  the  resultant  force  vector  for  4**. 
At  this  attitude,  then,  the  pitching  moment  should  be  nearly  zero. 

1  O.  H.  Bryan,  Stability  in  Aviation. 


Digitized  by 


Google 


AEBONAUnCS. 


31 


The 


rhe  c.  e.  location  determined  for  the  actual  aeroplane  after  exten- 
sive triia  flights  is  almost  identical. 


It 

is  seen  that  for  angles 

smaller  than  4^,  B,  passes  forward  o 
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c  g.  and  for  angles  greater  than  4^,  it  passes  to  the  rear.  The 
aeroplane  is  longitudinally  stable  in  a  static  sense.  It  will  be  shown 
below  that  it  is  not  always  dynamically  stable. 
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Abticle  5. 

PERFORMANCE  CURVES. 


The  lift  and  head  resistance  or  ^' drift"  of  the  full  scale  aeroplane 
were  assumed  to  be  approximately  given  by  the  relation: 


Force  on  model       ^ 
Force  on  aeroplane  ™V24  F, 


rj^y 


pi^oRE.  a. 


when  V  is  the  flying  speed  of  the  aeroplane  in  miles  per  hour.  The 
above  relation  holds,  of  course,  only  for  the  same  attitude  of  model 
and  aeroplane.  Tbe  weight  of  the  aeroplane,  1,800  pounds,  must 
equal  the  lift  in  flight.    Hence : 


30    / 


1800 
Lift  on  model. 
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A  series  of  speeds  Y  was  computed  for  a  series  of  attitudes  of  the 
aeropkne,  ana  the  aeroplane  drift  at  each  attitude  was  then  com- 
puted from: 


D  full  size-Z>  model  x  24 


*  ^©' 


In  figmre  3  are  given  curves  of  drift,  effective  horsepower  required, 
angle  (h  wing  chord  to  wind  and  ratio  weight  to  drift  j)lotted  on  F  as 
abscissae.  For  our  calculations  a  maximum  speed  of  79  miles  and  a 
minimum  of  43.7  miles  were  selected  corresponding  to  angles  of  wing 
chord  to  wind  of  1®  and  15.5**,  respectively. 

The  curve  of  E.H.P.  on  figure  3,  indicates  that  87  propeller  horse- 
power is  necessary  for  a  sp^  of  79  miles.  If  the  propeller  has  an 
efficiency  of  SOper  cent,  me  motor  must  develop  at  least  110  brake 
horsepower.  The  original  designs  contemplated  as  maximum  speed 
of  about  80  miles  per  nour  for  a  120  brake  horsepower  motor,  which 
appears  very  reasonable.  As  actually  built  this  type  was  jgiven  a 
rated  90  horsepower  motor.  Assuming  70  E.H.P.  aeliverea  to  the 
propeller  a  speed  of  73  miles  per  hour  is  indicated  by  our  curves.  It 
]s  reported  that  the  speed  of  this  aeroplane  was  actually  73  miles  per 
hour. 

*  Article  6. 

CHOICE  OF  AXES-NOTATION—UNITS. 

Axes  for  reference  are  assumed  fixed  in  the  aeroplane  and  moving 
with  it  in  space.  The  origin  is  at  the  center  of  gravity.  ^  For  steady 
horizontal  night  at  a  given  attitude  the  axis  of  Z  is  vertical,  the  axis 
of  X  Horizontal  and  directed  to  the  rear  in  the  plane  of  symmetry, 
and  the  axis  of  Y  is  horizontal  and  directed  toward  the  left-wing  tip. 
Forces  along  these  axes  are  denoted  by  X,  Y^Z  and  are  expressed  in 
poimds  per  unit  mass.  Moments  are  iT,  Jf,  V!  and  are  given  in  pounds- 
leet  per  unit  mass.* 

Angles  of  roll,  pitch  and  yaw  from  the  normal  flying  attitude  are 
denoted  by  ^,  B  and  ^.  Angjilar  velocities  of  roll,  pitch  and  yaw  are 
p,  a,  r  in  radius  per  second,  xhe  signs  of  moments,  auMes  and  angular 
velocity  are  positive  considered  in  the  directions  Xz ,  YZ  or  ZX. 

Moments  of  inertia  referred  to  axes  X.  Y^  Z  are  denoted  by 
viE^Aj  m£?<,  mJ5?o  where  m  is  ihe  mass  of  tibe  aeroplane  and  £4, 
£j,  Ac  corresponding  radii  of  gyration. 


Article  7. 

EQUILIBRIUM  CONDITIONS. 

In  normal  horizontal  flight  in  still  air  a  state  of  equilibrium  is 
assumed  such  that  the  power  available  maintains  the  aeroplane  at 
sach  a  speed  that  the  weight  is  just  susteined.  Since  the  lift  of  an 
aeroplane  wing  is  also  a  fimction  of  ite  attitude  or  an^le  of  attack, 
it  is  further  assumed  that  the  attitude  is  proper  for  the  speed.     In 

1  Unit  maM  Is  the  slug  eqoal  to  82.17  poonds  WBlgtit. 
25802'— S.  Doc.  288. 64-1 8 
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normal  horizontal  flight  the  axis  of  ^  is  parallel  Vo  the  apparent  wind 
direction  and  is  hence  horizontal.  Let  9  be  the  angle  of  pitch  of  the 
aeroplane  away  from  its  normal  attitude.  Then  normally  0  is  zero* 
Likewise  if  the  aeroplane  is  in  equihbrium  in  its  flight,  tne  angular 
velocity  of  pitch  is  zero  and  ako  the  pitching  moment.  Mo. 

At  high  speed;  for  example  79  miles,  the  axis  of  ^  is  norizontal  and 
makes  an  angle  of  1^  with  the  wing  chord.  At  low  speed,  new  axes 
are  chosen  such  that  the  axis  of  Jl  is  still  horizontal  but  makes  an 
angle  of  15.5^  with  the  wing  chord.  The  axes  are  fixed  by  the 
equilibrium  conditions  for  flight  and  differ  for  each  normal  flying 
attitude.  Oscillations  about  me  normal  flight  path  when  the  motion 
is  disturbed  are  referred  to  the  above  defined  axes  which  are  assximed 
fixed  in  the  aeroplane  and  moving  with  it  in  space. 

The  pitdiing  moment  curve  observed  for  the  model  shows  zero 
moment  for  an  angle  of  wing  chord  of  4.5^  and  a  diving  moment  at 
lieurger  angles.  For  dow  flight,  it  is  assumed  that  the  pilot  by  proper 
setting  of  his  horizontal  rudder  impresses  an  equal  stalling  moment 
on  the  machine  so  that  the  net  pitching  moment  is  zero.  The  effect 
is  to  move  the  pitching  moment  curve  parallel  to  itself  by  the  alge- 
braic addition  of  a  stalEng  moment  so  tha;t  its  ordinate  has  zero  vanie 
for  the  desired  flight  attitude. 

Abticub  8. 

TRANSFORMATION  OF  AXES. 

It  is  convenient  to  measure  in  the  wind  tunnel  the  lift  and  drift 
about  axes  always  vertical  and  horizontal  in  space.  For  the  oscilla- 
tions of  the  aeroplane  it  is  convenient  to  consider  the  forces  referred 
to  axes  fixed  in  the  aeroplane  as  described  above.  The  transforma- 
tion is  effected  in  the  usual  way  by  means  of  the  formulce: 

m  Z'=Z  cos  e+Z?  sine, 
m-y-DcosO-i  sine, 

where  0  is  the  angle  of  pitch  of  the  aeroplane  away  from  its  normal 
attitude,  considered  positive  for  stalling  an^es.  Mere  L  and  D  are 
lift  and  drift  on  the  model  in  pounds,  ana  mX'  and  m  Z'  correspond- 
ing forces  in  pounds  along  the  axes  X  and  Z.  The  model  forces 
Z%  X'  are  converted  to  Z,  X,  full  size^  by  multiplying  by  the 
square  of  the  speed  and  linear  dimension  ratios.  The  f  ollowmg  tables 
canv  out  the  required  transformation. 

Tne  pitching  moment  M  is  independent  of  the  longitudinal  shift  of 
axes  and  varies  only  as  the  squareof  the  speed.  Curves  of  X,  Z  and  M 
for  the  different  flight  attitudes  are  plotted  on  figures  4^  5,  6,  7,  8, 
and  9.  The  transformation  of  the  moment  about  the  spmole  to  the 
corresponding  moment  about  tiie  c.  g.  of  the  full-size  aeroplane  is 
given  Wow. 
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OONYEBSION  OF  PITCHING  MOM SNTS. 

m  J(.ssiiioment  about  spindle  in  inch  pounds  on  model. 

miO^=»moment  about  c.  g.  in  inch  pounds  on  model.  - 

6^3.04  inches,  c.  g.  forwaid  of  smndie. 

o^sO.lO  inches,  c.  g.  above  spinole. 

Axis  of  X  3.5®  to  wing  cfaora. 

J^=pitching  moment  about  c.  g.  full  size,  full  speed,  in  pounds  feet  per  unit 

m  Mcg=mMg  ^mZ^b  ^mX^a. 

fssangle  of  wing  chord  to  wind,  degreee. 

Oasangle  of  axis  of  X  to  wind,  degrees. 
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Abticle  9. 
RESISTANCE  DERIYATiyES,  LONGITUDINAL. 

Notation  follows  Bairstow/  to  whose  paper  reference  should  be 
made  for  the  detailed  discussion  of  "derivatives."  In  the  theory  of 
small  oscillations,  the  aerodynamic  forces  Xqj  Z^,  and  pitching 
moment,  M^y  are  eliminated  by  the  conditions  of  equilibrium.  In 
disturbed  motion,  disturbances  in  normal  flying  speed  and  attitude 
cause  changes  in  the  quantities,  X,  Z,  and  M. 

Let  TJ  be  the  normal  flying  speed  and  u,  v)  and  j  small  changes  in 
horizontal  and  vertical  velocity  components  and  angular  velocity  of 
pitch*  If  the  disturbance  be  small,  u,  w  and  2  ^e  small  with  respect 
to  TJ.    For  example,  the  fimction 

may  be  expanded  into  the  approximate  form 

X^Xo^-nXn+wX^+qW^ 

a  linear  function  of  the  small  quantities  u,  v),  q.    The  coefficients 
Xu,  X^j  Xq  are  the  so-called  resistance  derivatives  of  the  theory  of 

1  TeobniCBl  Report  of  the  Advisory  Committee  for  Aewtimntlw,  Londoa,  1912-13. 
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small  oeNnllatioiiS;  and  pfaysically  represent  the  slope  of  a  curve  of  X 
on  a  base  u,  t(7,  or  j. 


Similarly 


From  the  conditions  of  eqtiilibrinm,  Xo  is  balanced  by  the  pro- 
peller thrust/ Zo  by  the  pull  of  ^avity  or  Zo^g,  and  Mo^o. 
Also^  Bairstow  has  shown  that  X^  and  Zg  may  be  neglected. 
^  A«  is  the  rate  of  change  of  X  with  change  in  forward  speed 
since  JT  is  a  function  of  forward  speed  squared  we  may  write: 


But 


•and 


c,      2Zo 
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These  ooefficients  may  be  obtained  direeUy  by  calculation  since 
Xo^-——t  and  Zf—g.  -For  example,  at  79  miles  per  hour,  17— 
T-n5£  feet  par  second  and  Z«  -  32.2.    llien 

-      2X32.2 

^-  -115:6     -^^ 

Abo  at  15?5,  U"  -63.8  feet  per  second  and 

■^•■-63.8"~"^^* 

The  deriyatives  X^,  Z^j  M^  represent  the  effect  of  a  vertical 
compondit  of  velocitj.  From  the  well-known  method  of  velocity 
composition,  the  vertical  velocity  w  acts  with  ti^e  horizontal  velocity 
17  to  canse  tne  apparent  wind  to  nave  an  inclination  to  the  horisontal 

>f  tan~^  yr*    This  inclination  is  given  to  the  model  in  the  wind 

tmmel,  and  X^  Z,  and  M  measured  for  various  pitch  angles. 

But  ^^tair^  •^—57.3  -jjt  when  Atf  is  a  small  angle  in  degrees. 

.    ^      AX    57.3  A-Y 

Air 

—  is  the  slope  of  a  curve  of  X  on  pitch  angle  as  base.    For  example, 

from  figure  4,  -^—  ^L     and 

A««  - 116.6^2^     -f  U.lOJ 

Similar  formulas  are  used  to  compute  Z„  and  M«^.  It  may  be  noted 
that  the  method  assumes  that  for  small  oscillationsi  hence  smaU 
changes  9,  the  tangent  may  be  substituted  for  the  actual  curve. 
The  Emit  of  validity  is  obviously  the  range  of  pitch  angle  over  which 
the  tangent  to  the  curve  is  not  greatly  changed.  This  range  is  usually 
about  4  to  8  d^prees. 

The  values  of  the  resistance  derivatives  calculated  in  this  manner 
will  be  found  tabulated  later. 

Abticlb  10. 

DAMPING. 

The  damping  of  pitching  about  the  o.  g.  is  represented  by  the  rotary 

derivative  Mq.    For  an  angular  velocity  ji'^if^  damping  moment 

qMg  is  exerted  on  the  aeroplane. 

To  measure  this  aerodynamic  damning,  the  special  oscillating  appa- 
ratus was  designed  which  is  shown  oy  the  photograph  of  figure  10. 
The  model  is  mounted  on  a  massive  bracket  which  pivots  about  the 
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two  pointB  shown.  Fore-and-aft  arms  carry  connterwei^ts  which 
are  adjusted  to  give  a  reasonable  natural  period.  The  spiral  Bprjnm 
bear  in  notdies  on 'the  arms  by  means  of  Knife-edged  shackles.  Tne 
springs  insure  that  the  motion  shall  be  oscillatory.  Tlie  assom^ 
c.  g.  location  of  the  aeroplane  model  is  arranged  to  be  on  the  axis  of 
rotation.  Tlie  actoal  center  of  gravity  of  the  apparatus  is  not 
consida^d. 

eviction  is  kept  small  by  careful  design  of  the  steel  pivots,  whidi 
are  hardened  steel  points  bearing  in  tool  steel  cones.  The  spnng 
knife  edges  are  glass  hard.  It  was  found  that  a  convenient  perioa 
is  about  one-half  second.  In  still  air  the  apparatus  will  rock  more 
than  300  times  before  Hie  amptitude  is  diminished  by  friction  to 
one-ninth  of  the  initial  displacement. 

The  moment  of  inertia  of  the  entire  oscillating'  mass  was  calcu- 
lated and  then  checked  by  an  independent  experimental  determina- 
tion. 

Let: 

7— moment  of  inertia  of  all  oscillating  parte  in  slug  foot- 
units, 
m'— mass  of  all  oscillating  parts  in  slugs. 
JL-- moment  of  air  forces  on  model  at  rest. 
lf^->  moment  of  springs  at  rest. 
E0  —  additional  moment  of  springs  when  deflected. 

c— c.  g.  of  entire  apparatus  above  pivot^  feet. 

9  »  angle  of  pitch  from  normal  attitude  m  radians. 

do 
lio*^-*  damping  moment  due  to  friction. 

Ahv-^—damping  moment  due  to  wind  on  apparatus. 

iiai^  —damping moment  due  to  wind  on  model, 
cm'^"- static  moment  due  to  gravity. 

The  equation  of  motion  then  is: 


But  Jfo»  Mf,  by  the  initial  condition  of  equilibrium.    Liet 

i2V         dB 

A*-Mo+i*it+l*w;  then  7-^  +M^+(-K-cm')*=o 

The  solution  of  this  equation  is  well  known  to  be: 

where  0  and  oc  are  arbitrary  constants.  If  time  be  counted  when 
the  amplitude  of  swing  is  a  maximum  then  cos{  — }«>1,  and  0—0o, 
the  initial  displacement.    Also  if  the  number  of  beats  be  counted  by 
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observing  the  times  for  aucceeding  mazimay  a  plot  of  amplitude  on 
trme  wilThave  for  its  equation  the  simple  form: 

-III 

The  coefficient  pL  is  the  logarithmic  deerement  of  the  oscillation 
and  must  be  numerically  positive  to  insure  that  the  oscillation  dies 
out  with  time. 

The  apoaratus  was  fitted  with  a  small  reflecting  prism  by  which  a 
pencil  of  light  was  deflected  toward  a  ground  glass  plate  set  in  the 
roof  of  the  tunnel.  Nine  lines  spaced  0.2  inch  were  ruled  on  this 
plate.  With  the  model  at  rest  the  beam  of  light  was  broiight  to  a 
sharp  focus  on  the  line  marked  sero.  By  means  of  a  trimer  the 
observer  started  an  oscillation  of  the  model,  and  the  spot  of  light  was 
observed  to  oscillate  across  the  scale.  The  tune,  <,  was  obsm'ed  in 
which  an  oscillation  was  damped  from  an  amplitude  of  9  to  an  ampli- 
tude of  1,  for  example. 

Then:  loge-^'^^^'^logfi,  and  knowing  I  and  t,  iiis  calculated. 

Preliminary  tests  showed  that  the  same  value  of  /i  was  obtained 
whether  the  timing  stopped  at  9^5,  4,  9,  2,  or  1. 

Oscillation  tests  were  made  at  nve  wind  velocities  varying  from 
5  to  35  miles  per  hotir.  The  coefficient  n  appeared  to  vary  approxi- 
mate!]^ as  the  first  power  of  the  velocity. 

Similar  tests  were  made  with  the  model  for  no  wind  to  determine 
Mo,  which  may  be  said  to  be  due  almost  wholly  to  friction  and  very 
slij^tly  to  the  damping  of  apparatus  and  model  moving  through 
the  air. 

likewise  /!«  was  obtained  by  oscillating  the  apparatus  without 
model  in  winds  from  5  to  35  miles  per  hour. 

The  coefficient  /im  has  the  dimensions  ^  pl^F,  where  p  is  density  of 
air,  1  a  linear  dimension,  and  V  the  velocity  of  the  wind.  To  convert 
/Cm  to  if«  for  the  full-size  machine  at  full  speed,  multiply  by  the  fourth 
power  Of  24,  the  scale,  and  by  the  ratio  of  full  speed  to  model  speed. 

The  numerical  results  of  tests  of  the  pitching  oscillation  follow. 
Note  that  the 'damping  of  the  pitching  falls  off  for  low  speeds.  This 
contributes  to  the  dimculty  of  provioing  sufficient  stability  at  low 
speeds. 

In  the  tables  following,  the  number  of  beats,  n,  is  recorded  as  a 
general  check  and  is  act  used.  Recorded  values  of  n  and  t  are  the 
means  of  three  or  five  separate  observations. 

'  BatrttoWa  Ifw.  ott.,  p.  178. 
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FIGUftC  II. 


^0        Sy        90 
WIN|>  VCLOCITY    fn.RH. 
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PnCHIKG  OSCILLATION  TESTS. 

I  model  and  a|>p«ratus>KO.  04195 
I  apparatus  «•  .  0368 

Appwratua, 

Wind  velocity,  miles....                0  14.7  2L4  86 

nbeatscoonted 350  253  210  186 

^seconds 168  120  100  90 

n 00096  .00135  .00162  .00180 

AHraesBzero) 0       .00039       .00066       •  <^W)84|^^^^^^  ^•^" 

Apparatus  and  model  with  wing  chord  t^  to  wind. 

Fmiles 0         9.6  14.7  2L8  25         80  87.8 

nb€ata 300           90  56  40"  35         32  27 

Iseconda 160           45  28.5  20  17.5         16  13.5 

figKW 00115  .00410  .00646  .0092  .0105  .0115  .0137 

Mo&iction 00096  .00096  .00096  .0010  .0010  .0010  .0010 

fHpapparatus 0  .00035  .00040  .0006  .0007  .0009  .0011 

Mmiiet 00019  .00284  .0054  .0076  .0088  .0096  .0117 

But  11,1 »  —mMq  when  reduced  to  full  size  and  79  miles  per  hour 
ftnd  mass  of  55.9  slugs. 

r.Mq .0096  X  (24)*  X  (79/30)  X  1/55.9-  -160.0 

or  for 

Z7-  -114  foot-seconds,  Jrf^-1.32  U 

Apparatus  and  model  with  wing  chord  15,5^  to  wind. 

V. 9.1  14.7  2L4  25  80  37.5 

n 75  50  35  30  25  19 

t 38.5  25.0  17.5  15  13  9 

Mgrofls 0048  .0074  .0105  .0123  .0142  .0205 

M»net 0035  .0060  .0089  ,0106  .0123  .0184 


or 


Mq .0123  X  (24)*  X  (43.  7/30)  X  1/55.9=  -106 

1^»1.66  JJvhere  Vis  —64  foot-seconds,  or  43.7  miles. 


The  computed  values  of  /%,  the  model  dampmg  coefficient,  are 
plotted  on  figure  11.  It  appears  that  pt^  is  approxmiately  a  Imear 
nmotion  of  the  velocity,  as  would  be  expected,  and  the  conversion 
to  full  scale^  fuU  speed,  is  made  as  indicated  above. 

The  damping  coefficient  is  not  greatly  different  for  different  atti* 
tudes,  and  the  following  values  are  obtained  by  interpolation: 


Angle  of 

wing  chord 

to  wind. 

4-1^ 
70 

10° 

12« 

14*» 

15.5^ 


V. 
79.0 
5L8 
47.0 
45.2 
44.2 
43.7 


-115.5 

-  75.8 
-68.8 

-  66.2 

-  64.8 

-  64.0 


LsSu— 160 
1.49U=-113 
1.55U«-108 
1.59U«-106 
1.63U— 106 
1.66U»i-106 
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Abtiole  11. 
RADroS  OF  GYRATION. 

For  tbe  radii  of  gyration  of  the  fully  loaded  aeroplane  we  are  in- 
debted to  Dr.  A.  F.  Zahm.  The  actual  aeroplane,  complete  with 
gasoline,  water,  pilot,  passenger,  and  other  weights  in  place,  was 
suspended  from  a  beam  by  a  chain.  The  center  of  gravity  was' first 
located  by  an  inclining  method.  The  madiine  was  then  made  to 
oscillate  in  pitch  about  the  point  of  attachment  of  the  njpper  end  of 
the  chain.  Light  guys  were  run  to  tail  and  wing  tips  to  insure  that 
the  chain  and  aeroplane  moved  as  a  rigid  body. 

Let  the  distance  from  center  of  gravity  to  point  of  suspension  be 
denoted  by  hy  p  the  natural  period  of  oscillation  in  seconds.  Km  the 
radius  of  gyration  in  feet  about  the  Y  axis  or  axis  of  pitch,  tlien 

By  observation  7^ « 12.2  feet,  2>»  60/14  seconds. 

J&»  =  34,  J&  =  6.8  feet.* 

Abtiole  12. 

routh's  discriminant. 

Bryan '  has  shown  that  the  character  of  the  longitudinal  motion 
of  an  aeroplane  ma;^  be  investigated  with  reference  to  the  roots  of 
a  biquadratic  equation  of  the  form: 

AK^+BX^-^-OX^  +  DX+E^O 

The  equations  of  motion  may  be  considered  of  the  form  0—Ke^ 
where  E  is  some  constant.  For  stability  the  quantitv  X  must  be 
negative  if  real,  or  have  its  real  part  negative  if  complex,  in  ordcir 
that  the  amplitude  of  the  motion  will  diminish  with  time. 

The  condition  that  the  real  roots  and  real  parts  of  imaginary  roots 
of  a  biquadratic  equation  with  constant  coefficients  shall  oe  negative 
is  that  the  coefficients  A,  Bj  Oy  Z>,  E  shall  each  be  positive  as  well 
as  the  ouantity  BOD—AD'—IPE.  The  latter  is  oonmionly  known 
as  Routn's  *  discriminant. 

The  constant  coefficients  Ay  By  Oy  Z>,  E,  are  functions  of  Uie  con- 
stants of  the  aeroplane  at  the  nonnal  flying  attitude,  i.  e.,  the  follow- 
ing: Xny  X^y  Xqy  Z.,  Z«,j  Zgj  M^y  M^y  M^y  Uy  ^d  Km\  Thcsc  are 
resistance  and  rotary  denvatives,  velocity,  and  radius  of  gyration. 
For  a  given  attitude  and  for  small  oscillations  about  that  attitude, 
it  is  considered  that  these  quantities  are  constant.  For  simplicity 
it  is  here  assumed  tbat  normal  flight  takes  place  in  a  horizontal  plane 
and  the  inclination  of  the  flight  path  and  consequent  components  of 
gravity  in  the  axes  of  X  and  Z  are  eliminated.    Also  Xq  and  Z,  are 

1 1t  is  of  liit«re8t  to  note  that^  radins  of  gyration  for  rolUiig  was  estimated  to  be  6.2  feet. 

•  SUblilty  in  Aviation. 

*  Advanced  BU^  Dynamios,  E.  7.  Boath. 
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neglected  as  unimportant  and  iLis  zero  b^  the  conditions  of  equi- 
Ebrium.  For  the  computation  of  JRouth's  discriminant  we  require  to 
know,  tben,  only  those  quantities  wfaidi  have  been  so  far  determined, 
and  whidi  are  assembled  below  for  the  different  cases  investigated. 
FormulflB  for  the  coefficients  A,  B,  C,  D,  E  are  siven  by  Baustow 
and  are  used  here,  but  making  9,  JC^y  Z^,  and  J^  zero.  They  are 
copied  in  simplified  form  for  reference. 


Z)-- 


Zu,  Z,p,  u 


Abtiolb  13. 

BAIRSTOWS  APPROXIMATE  SOLUTION. 

From  consideration  of  the  usual  relative  numerical  Talues  of  the 
coefficients  of  the  biquadratic,  Bairstow  has  shown  that  the  equation 
may  be  factored  to  a  first  approximation  and  put  into  the  following 
fomi: 

in  which  the  first  factor  represents  a  very  short  osciUationy  which 
b  most  aeroplanes  rapidly  dies  out  and  is  of  no  importance.  The 
second  factor  represents  a  relatively  long  osdllation  involving  an 
nndnlatory  flight  path  with  changes  in  pitch,  forward  speed,  and 
altitude.  The  long  oscillations  should  dmiinish  in  amplitude  with 
time,  in  which  case  the  motion  is  stable  and  the  aeroplane  will  return 
to  its  mginal  normal  flight  attitude  if  temporarilv  deviated  there- 
from by  accidental  cause.  The  motion  is  imstable  if  the  long  oscilla- 
tion increases  in  amplitude  with  time.  It  will  be  shown  that  the 
aeroplane  under  investigation  is  stable  at  high  speeds  and  unstable 
at  very  low  speeds.    It  is  believed  that  this  is  true  of  all  aeroplanes. 

Gasb  I. 
ti^inddence,  wing  chord  to  wind  +1^. 

Velocity  F— 79  miles.     17— -115.6  foot-aeconds. 
m«>66.9  Biii0i,  JrB>-84. 

X,-.128       Jr,^+.162        Jir,|,+1.74 


Zn  -.557       Z«t  -3.05       Ma  -150 

B«+280 
C-.+834 
D-4-115 
^-+  31. 


BCD- AD*-B*J?-+18X10*  9UM4. 
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Short  ofldUataon:  X3+8.5X4-24.6»i0 

X»-4.25=b2.54i 

2x 
|)=speriod«»252"'2.6  secondB. 

0  69 
t«time  to  damp  50  per  cents-ygg^l^  second. 

Longoedllation:  X»+.126X+.0374«0 

X=:-.063±.183i 
|>»34.3  seconds,  t  =10.8  seconds. 

The  short  oscillations  are  unimportant.  The  long  oscillations  are 
easy  and  strongly  damped.  The  aeroplane  shonla  be  very  steady 
at  this  speed. 

Case  II. 

t=7**,  F=«61.8  miles,  Cr=:— 75.9  foot-fleconds. 

.X'|,-.121       X«,+.113        M„+2M 
Ztf-.849        Ztp-2.26        Ifg-llS 


A=+  34.01 
B=+194.0 
C= +467.0 
/>=+  64.3 
E^+  67.0J 


BCD-AD«-B>jB=+32X10*  stable. 


Short  oscillation:  X»-|-6.7X+15.9«0 
X=-2.85±2.33* 
p=2.7  seconds 
t  ».24  second  to  damp  50  per  cent. 

Long  oscillation:  X»+.078X+. 143=0 
X=-.039±.377i 
j>=16.7  seconds 
t  =17.7  seconds  to  damp  50  per  cent. 

The  period  is  shorter  than  at  high  speed  and  the  damping  less. 
The  aeroplane  should  therefore  be  less  comfortable. 

Gasb  III. 

1=10**,  F=47  miles,  Cr=  -68.8  foot-seconds. 

X„-.151        Z„-.936        Jf«,+2.50 
-y„-.075       Zw-1.46        Jfg-108 


^=4-  34    1 
5=4-165 
C=H-355 
D=H-  42.5 
JB=+  75.3 


BCD- (ilD»+5»JS?)=3.8X10»  Mtdble. 


Short  oscillation:  X«+  4.85X+10.44* 
X=-2.42±2.12 


^  p=2.96  seconds. 

t  =  .28  second  to  damp  50  per  cent. 

Long  oscillation:  X>+  .021X4-.212=0 
X=-.011=fc.460» 

;>=13.71  seconds. 

tsa62.7   seconds  to  damp  50  per  cent. 

This  oscillation  is  rapid  and  but  sli^tly  damped,  and  would 
probably  be  uncomfortaDle.  The  stability  is  slight  and  wind  gusts 
or  external  disturbances,  if  recurrent,  might  cause  trouble. 


Digitized  by 


Google 


AEBONAUTICa  40 

Case  IV. 
«»12*,  Fi-45.2  miles  Cr».-66.2foot-«eooikd0. 

X,  -  .1S9        Zn-  .972        Jir«+2.16 
Jir«-.236       Z«-.7S6        K^-106 

il-+  34 
B-+137.6 
C-+243 
D-+  17.4 
J?=+  67.2 


BCD-Ai>«-B»^— 7Xia»  UKiTABUB. 


Short  ofldlltttion:  X*+  4.04X+7.14»0 
X«-?.()2±1.75f 


pa3.69  iecond& 

/—  .342  Mcond  to  damp  60  per  cent. 

Long  oBdUation:  X>-     .985X->. 276-0 
X  -4-043  d=.524i 

p=  12.0  seconds. 

t  —16.0  seconds  to  double  amplitude. 

The  machiiie  is  frankly  unstable  and  the  pilot  dare  not  release  his 
eleTator  control. 

Case  V. 

t— H"",  F— 44.2  miles,  CT— -64.8  foot^econds. 


X«~.223        Z«-.993        My,+IM 
Xv'.138       Zfg-.bbS       Jtf7-106 


i4-+  34 
5-+134 
C-+213 
D— f  28 
Jg:-4-  63.6 


BCD-il2>»-J?»^— 3.7X10*    Unstabl*. 


Cass  VI. 
t-15.6^  F-43.7  miles,  l7--63.8footpseconds. 

2r,-.276       ^-1.01        Jr--|-2.02 
X,^-.292        ^-.673        J^-106 

i4-+  34   1 
B-+1S8 
C-+226 
D=+  24.2 
^«+  66.7. 


BCD-ili>»-B>^— 6X10*    Unstable. 


Short  oscillation:  X'+  4.06X+6.65-0 
X— 2.03±  1.69t 


p— 3.96  seconds,  period. 

t  —  .34  seconds  to  damp  60  per  cent. 


Ixmg  oscillation:  X>+    .071X+ .291-0 
X  -+.0868db.641t 


25802*— S.  Doc.  208, 64-1- 
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Real  part  of  x'is  here  positiYe,  indioatiiig  an  oscillation  increasing 
with  time. 

ps>i-gjY«11.6  aecondfl. 

069 
t  "*~|^5q'"1^*3  seconds  to  double  amplitude. 

The  motion  is  both  rapid  in  period  and  rapidly  increasinjz  in  am- 
plitude. Indeed  the  amplitude  is  doubled  in  two  swings.  Tria  aero- 
plane,  if  left  to  itself,  would  be  highly  unstable. 

Artiolb  14. 
VARUnON  OF  LONGITUDINAL  STAHILITT  WITH  SPEED. 

Preliminary  to  consideration  o^the  action  of  gusts  on  an  inherently 
stable  aeroplane,  it  was  desired  to  analyze  the  motion  in  still  air  of  a 
machine  wnich  could  be  called  inherently  stable  longitudinally.  It 
has  been  found  above  that  a  typical  aeroplane  becomes  less  stable 
at  low  speeds  until  real  instability  results.  This  result  is  somewhat 
unexpected  in  view  of  the  curves  of  pitching  moment  M.  which  in- 
dicated static  stability  at  all  possible  attitudes  up  to  and  including 
horizontal  flijght  at  + 15^.5.  in  other  words,  M^  is  positive  for  aU 
cases.  The  instability  comes  about  on  account  of  the  rapid  rate  of 
increase  of  drift  at  large  angles  causing  X«  to  change  sigiL  and  on 
account  of  the  less  rapid  rate  of  increase  yf  lift,  causing  Z«  to  bo- 
eome  small  at  high  angles  of  pitch.  Furthermore,  liq  diminishes  at 
low  speed. 

From  the  speed  power  curves  on  figure  3.  it  appears  that  for  angles 
greater  than  10^,  we  are  on  the  part  of  tne  power  curve  which  re- 
qtures  more  power  to  go  slower,  ''region  of  reversed  controls."  This 
region  is  now  found  to  be  dynami^dly  unstable  so  that  controlled 
flight  only  is  possible  here.  But  with  reversed  controls  this  is 
doubly  dangerous. 

The  frequency  of  accidents  at  low  speeds,  foUowii^  the  recent 
demand  for  a  wide  speed  range,  confirms  this  impression  of  the 
danger  of  low  speeds  when  approaching  a  critical  angle  and  speed. 
The  critical  angle  for  instabiUty  is  clearfy  an  angle  less  than  the  pos- 
sible maximum  for  flight. 

A  fair  measure  of  tne  relative  stability  at  various  speeds  may  be 
had  by  noting  the  foUowii^  tabulation  of  the  values  of  Routh'a 
discriminant,  denoted  by  R: 

Velocity  Wind  chord 

in  to  R. 

miles.  wind.  , 

79.0  1**  +180    X10»l 

6L8  7*  4-32    XlO^lStoble. 

47.0  10^  +    3.8X10»J 

46.2  12*»  -    7    XIW 

44.2  14*»  -    3. 7XlO»JUnirtable. 

43.7  U5.6*  -    5    X10»j 

The  table  is  reproduced  graphically  on  figure  12. 
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A  siiiiilar  inveBtieation  for  lateral  stabilitT  f aik  to  show  any  marked 
chaoga  with  speed,  as  woidd  be  expected  sinoe  speed  depends  on 
pitch  anffle  and  the  factors  which  make  or  immake  lateral  stability 
are  but  sughtly  affected  by  angle  of  pitch. 
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THEORY  OF  AN  AEROPLANE  ENCOUNTERING  GUSTS. 

By  Edwin  Bidwbll  Wilson. 


Article  1. 
INTRODUCTION. 

The  notation  here  used  will  be  in  the  main-  that  of  Bairstow. 
(Teclmical  Report  of  the  Committee  for  Aeronautics  for  the  Year 
1912-13,  p.  143.)  As,  however,  Bairstow  changes  his  notation  in 
the  first  few  pages  of  his  report,  we  shall  begin  at  the  start  with  some 
departures  from  him. 

liXfVfZ  are  moving  axes  directed,  respectively,  backward,  to  the 
left,  and  upward  relative  to  the  driver;  if  u',-t?',  w'  be  Unear  velocities, 
ana  ©',  g',  r'  be  angular  velocities,  resolved  along  these  axes;  and  if 
X'f  X ',  Z'  be  forces,  and  L\  M\  N'  be  moments  of  forces /measured 
per  unit  mass  of  the  aeroplane);  then  the  dynamical  equations  of 
motion  are 


du'Idt+v/g'-vY^X', 

(1«) 

dr'/dt+uY-wy^Y', 

(16) 

dw'/dt+vy-u'i'=Z', 

(Ic) 

dhJdt-r%+q%=mL', 

(2a) 

dJi^dt-pX+rX^mM', 

(26) 

dhjdt  -  q% + p% = mN', 

(2c) 

where  m  is  the  mass  and 

\'=p'A-q'F-r'E, 

(3a) 

Ti^^q'B-r'D-fF, 

(36) 

J,,=r'C-p'E-q'D, 

(3c) 
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«re  the  components,  of  J^ngnUr  momentum, — ^the  (juantities  A^  J?,  O 
hfing  the  momentB  and  S,  E,  F  the  products  of  mertia  relative  to 
the  moving  axes  fixed  in  the  body. 
The  symmetric  aeroplane  will  alone  be  considered  here; 

2?-F-a  (4) 

If  the  machine  is  in  imiform  horizontal  flight,  all  the  forces, 
moments,  linear  velocities  and  angular  velocities  except  W  vanish, 
and  «'  —  17,  a  negative  quantity  in  magnitude  equal  to  the  uniform 
ydocity.  Hlie  precise  oackward  direction  of  the  x-axis  is  that 
y/binix  is  horijsontal  in  imiform  flight,  and  hence  by  this  definition  the 
direction  of  this  axis,  and  of  the  0-axis,  varies  in  the  aeroplane  with 
the  speed*) 

If  the  motion  is  slightly  disturbed,  the  velocities  take  the  values 

u'  —  U+u,  f/  -V,  v/  -«?,  p'  *p,  ?'  -?,  r'  -r,  (6) 

where  «,  «,  id,  p,  a,  r  are  small.  The  products  of  these  small  quan- 
titieB  are  neelected,  as  in  all  discussions  of  small  oscillations,  and  the 
eqoations  twe  the  form 

du/di^X\  dv/dt+  Ur^  Y\  dw/dt-  Uq'^Z',  (6) 

Mp/di^Edr/di^mL',  Edq/dt^mM',  Odr/di'-Edp/dt^mN'.      (7) 

In  uniform  motion  the  forces  and  moments  all  vanish.  For  the 
distoxbed  motion  they  are  smaU  and  may  be  expressed  linearly  in 
teniis  of  Uj  V,  to,  p,  q,  r.    The  forces  are  due  to  three  sources:  1^  the 


ler  thrust,  2°  gravity,  3^  the  air.  We  shall  assume  that  the 
propeller  thrust  (and  moment,  if  any,  arising  from  it)  is  constant;  i.  e., 
the  motor  is  supposed  to  speed  up  or  slow  down  under  changed  condi- 
tkms  so  as  to  deliver  a  constant  thrust.  If  6  and  ^'  are  the  small 
piteh  and  roll,  the  components  of  gravity  are  gS^  — $r^.  -*ijr  (see 
nairstow,  144,  lu-^w), and  its  moments  are  zero  because  tne  C.  G.  is 
taken  as  origin.  The  air  forces  and  moments  may  be  written  as 
Xf  F,  Z,  Lf  Mf  N  and  developed  as 

X^X.  +  X^U'\-X^v  +  Xy,w-\'Xpp  +  X^  +  X^,  (8) 

where  X^j  X^,  .....  are  the  ''resistance  derivatives"  taken  for 
the  relative  vedocity  of  machine  and  wind,  (^o  c^<i  the  propeller 
throst  cancel,  so  do  Z^  and  g;  Yq,  L^,  J4,  -^o  vanish.) 

In  the  symmetric  aeroplane  half  tne  resistance  derivatives  vanish 
and  the  six  equations  of  motion  separate  into  two  sets  of  three  each, 
one  set  for  the  longitudinal,  the  other  for  the  transverse  motion. 
These  equations  are  (Bairstow,  148,  13  and  14  with  O«0)  for  longi- 
todinal  motion, 

du/dt-^gO+X^u+X^w-hX^,  (9a)  see  (la) 

dto/dt-'  Uq+Z^u+Z^w+Z^,  (96)  see  (Ic) 

B/m.  dq/dt^  M^u+  M^wi-  M^,  (9c)  see  (26) 
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and,  for  transveiBe  motion, 

dvldt^  -gip-  Ur+  Y^v+  Ypp+  Y^y     (10a)  see  (16) 

A/m.dp/dt-E/m.dr/dt^L^v+Lpp+Lfr,  (106)  see  (2a) 

C/m.  dridt- Elm.  dp/dt^  N^v+N^p-^-N^.  (10c)  see  (2c) 

The  integration  of  these  equations  gives  the  free  oscillations  of  the 
aeroplane. 

Abticle  2. 
LONGITUDINAL  MOTION  IN  SHALL  GUSTEL 

A  gust  if  not  too  severe  jbbj  be  treated  hj  the  method  of  forced 
oscillations.  If  the  aeroi>lane  is  traveling  on  an  irregular  wind,  we 
may  r^ard  the  average  wind  velocity  relative  to  the  machine  as  that 
which  should  be  used  in  the  computation  of  the  resistance  deriva- 
tives^ and  we  may  regard  the  departures  of  the  actual  relative  velocity 
from  the  mean  as  small  quantities  inducing  additional  forces  into 
the  equations  of  motion. 

Suppose  first  a  head-on  gustiness.  This  would  introduce  an  extra 
term  of  the  form  X^u  into  the  first  equation,  Z^  in  the  second, 
and  so  on.  If ,  as  a  result  pf  the  mat,  the  machine  tdted  appreciably, 
the  originally  head-on  gust  wotud  no  longer  be  head-on,  but  woula 
have  components  v^  w^  and  eive  rise  to  the  term  Xm^+X^w^  in  the 
first  equation.  It  is  clear,  nowever,  that  under  the  hypothesis  of 
small  oscillations,  m.  would  remain  small  of  the  second  oraer  relative 
to  U|.  The  term  X^w^  could  then  be  neglected  relative  to  X^u^, 
unless  X^  much  exceeded  X^. 

We  should  in  general  allow  a  gust  to  have  components  Ui,V|,tf;|,p^, 

S,  fi  relative  to  the  axes.  This  would  take  into  account  any  possw 
e  rotational  motion  in  the  gust.  The  rotational  motion  of  a  £[U8t 
may  be  quite  small.  In  the  discussion  by  Olazebrook  (Aeronautical 
Journal,  July,  1914,  pp.  272-301)  nothing  is  accomplished  relative 
to  rotational  gusts,  let  it  may  well  be  that  the  rotational  element 
is  of  great  importance.  For  tne  rotary  derivatives^  in  the  case  of 
the  machine  whose  derivatives  are  tabulated  by  Bairstow  (loc.  cit., 
•  -  "  ^^  "'  Me 


way  Lp  is  laige.  In  the 
machine  that  will  be  discussed  in  what  follows  M^  is  also  lai*ge, 
viz.,  — 150. 

The  equations  for  the  longitudinal  motion  in  a  general  gust  are 
(8ee9a-€) 

du/dt-gO-XuU-X^w-X^  --Xufh  +  X^w^+X^^.       (11a) 

dw/dt-  Uq-Z^u-Z^w-Z^    ^Z^u^+Z^w^+Z^^.  (116) 

B/m  dq/dt" M^u—  M^rv—  M^» MuUi  +  M^Wi'\' M^i.       (lie) 

The  solution  of  these  equations  consists  of  two  parts:  1°  the  so- 
called  complementary  function  which  gives  the  natural  oscillations, 
2^  the  particular  integral  which  gives  the  forced  oeciUations  due  to 
the  gust.    To  effect  a  solution  for  the  particular  integral,  we  must 
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make  some  assomption  as  to  the  value  of  the  eomponenta  it,,  10,,  q^ 
ofthegostsasfonotioDsof  thetime.  Before  makinssaoh  an  assomp- 
tkm  for  the  particular  integral,  the  solution  by  uie  "operational" 
method  may  be  indicated.  (See  Wilson,  Advanced  Calooius,  p.  223.) 
Let  D  denote  differentiation.    The  equations  may  be  written 

(Z)-Z,)«-Z,ir-(Z,Z)+y)tf       -Z.u,+Z»w,+Jrrf„       (12a) 

-Z,tt+ (Z)-Z,)w-  (Zg+  17)D»-Z,tt,+Z,w,  +  Z^„        (12h) 

-  M^u  -  M^w + {Id'tD*  -  Mfi)9  -  M^Ui  +  If^tr,  +  Jf^,,      ( 12c) 

iriiere  t*M—B/m.    These   equations    are   solved   algebraically   by 
multiplying  by  the  proper  oof  actor  detemunants  and  adding.    Then 


-J,     -X^-(X,D+g) 
-Z,D-Z^  -lzUU)D 


X,    -X^-{XJ)+g) 
Z,D-Z,  -(Z,+  U)D 

X^    -X^-(XgD+g) 
Z^D-Z^  -(Z„+U)D 

z!D-z'-(z!+zr)D 


IP,  (13) 


or,  if  the  determinant  on  the  left  be  denoted  by  A, 

I  J,    -X^-iX,D+g)     I 
A«-  Z,  D-Z„  -iZa+  U)D    «i 
34    -IC    **.Z)*-K',Z? 


(14a) 


w,  + 


Xq    —  X^  —g 

zId-z,  -vd 

There  are  similar  equations  for  w  and  0,  namely, 


•^  -i..^i$ 


Att 


to. 


(146) 


+D\ 


&$~ 


Z,  -(Z-+  U)D 


u,  + 


D-X^X.  - 


& 


—  2«       D  —  Zl^       Zla 


(14c) 


+-D 


i7-Z»Z« 


+^riir.^.k 


The  general  (literal)  integration  of  these  equations  would  be  so 
oomplieated  as  to  be  useless.  We  shall  make  use  of  the  formulas 
onfy  after  sunplification  by  the  insertion  of  numerical  data. 


Digitized  by 


Google 


56  AEBONAUTICB. 

Pa8sibie  methods  oj  treating  gusts.— The  only  treatment  of  ffOfits 
which  I  haye  seen  is  that  deecribed  somewhat  jpopulaily  by  Glaze- 
brook  (loci  cit.).  He  seems  to  state,  as  the  mam  method  ol  attack, 
that  of  smaH  differences  whereby  it  is  assumed  that  the  inyolyed 
time  oyer  which  the  motion  is  to  l>e  studied  is  diyided  into  small  parts, 
and  tiiat  tiie  atmospheric  conditions  remain  constant  during  each  of 
these  parts.  By  then  regarding  the  differential  equations  <n  motion 
as  equations  in  differences  of  the  following  form, 

Ai4'  =  (-S:'-t£?Y-f  vV)Af,  etc., 
AAj « (mL'  -f  r%  -  i%)Mf  etc., 

it  is  possible  to  compute,  through  a  series  of  interyals  At,  the  ap-  ^ 
proximate  positions  of  the  aeroplane.  This  method  is,  as  Glazebrook 
states,  exceedingly  tedious,  for  At  must  be  taken  yery  small,  indeed 
only  a  small  part  of  a  second  iu  the  case  of  a  sharp  gust,  in  order  that 
the  solution  may  be  eyen  approximately  satisfactory  for  the  differ- 
ential equatioios.  Moreoyer,  the  whole  calculation  apparaitly  has 
to  be  done  from  the  beginning  for  each  new  type  of  mst  which  one 
desires  to  study.  The  methc^,  howeyer,  is  appUcabTe  in  all  gener- 
ality irrespectiye  of  the  stability  of  the  aeroplane. 

Tbe  reason  that  I  haye  chosen  to  operate  on  the  basis  of  sniall 
oscillations  is  that  after  a  certain  amount  of  preliminary  calculation 
has  been  accomplished  &y  formulas  will  enable  me  to  treat  yery 
rapidly  a  series  of  yery  different  ty]>es  of  gusts.  My  method  is  not 
applicable,  of  course,  to  machines  which  are  not  stable,  for  the  oscilla- 
tions could  not  remain  small  with  such  machines,  but  it  is  probably 
doubtful  whether  the  motion  of  the  unstable  aeroplane  in  a  ^iisty 
wind  is  of  yery  great  importance,  as  Hie  instability  of  the  machine  is 
not  unlikely  to  cause  indeterminately  yiolent  motions  on  relatiyely 
small  gusts.  I  haye  tried  to  deyise  methods  which  would  enable  me 
to  use  graphical  apparatus  for  obtaining  the  solutions  here  desired, 
but  haye  been  unable  to  throw  the  equations  into  a  form  which  lends 
itself  to  such  methods: 

Moreoyer,  the  coefficients  which  enter  into  the  equations  and  into 
the  solutions  at  all  stages  of  the  work  are  of  such  yaiying  mamitudes 
that  it  is  difficult  to  obtain  any  reasonably  accurate  resuRs.  It  seems 
impossible — ^I  haye  not  yet  succeeded  in  ayoiding  the  difficulty — to 
eliminate  the  occasional  necessity  of  subtracting  numbers  which  are 
nearly  e^ual  in  magnitude;  thus  the  accuracy  oi  the  figures  is,  after 
subtraction,  seriously  impaired.  As  I  was  aware  that  the  data  fur- 
nished me  were  probably  not  accurate  to  three  figures,  I  first  made 
the  calculations  with  slide-rule  accuracy,  onlj  to  find  that  the  final 
results  became  wholly  illusory,  owing  to  the  difficulty  just  mentioned. 
I  haye  therefore  had  to  recompute  eyerything  with  4-place  logarithm 
tables.  Most  of  the  figures  which  occur  in  the  work  are  therefore 
4-place  numbers.  Those  which  apjpear  to  haye  only  three  sigmficant 
figures  generally  haye  the  fourth  figure  zero  wnen  occurring  in 
formulas  containing  4-place  numbers.  In  the  calculations  towarcT  the 
end  of  the  researdi  the  4-figure  accuracy  has  become  reduced  to 
three  or  two  figure  accuracy,  but  it  did  not  seem  best  systematically 
to  reduce  the  numbers  by  the  omission  of  two  figures,  although  this 
reduction  has  occasionally  been  made  in  final  calculations. 
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Abticlb  3. 
NDMBUCAL  BQUATIONS  FOR  mCH  SPEED. 

The  data  for  high  speed  aire  (see  Hunsaker,  p.  47): 

jr.- -0.128,  X^-+0.U2,  X,~0 

Z,  -  -  0.657,  Z,  -  -  3.96,  Z,  -  0 

If,  -  0,  Jf,  -  + 1.74,  if,  -  - 160 

5/m-I:»,-34,  Z7-- 115.6,  sr-32.17 

Hie  cof  actoia  5  in  the  determinant  A  are — 


67 


(15) 


D-Z„      -(Z,+  XI)D 


-Jf« 


I—  .Jf^ 


j2>+3.95     116.6P         I 
I     -1.74    34I>»+160Z)| 

-  Un^  +  284.3i)» + 793.62>  -  a,. 


3fc»J>»-ifJ)|     1-1.74     34Z?»+150I? 
-{X^-^g)\    ]-Q.lt2  -32.17 


SS3 


-  6.608l?» + 24.30Z) + 56.98  -  «„ 

I    -0.162  -  32.171 

IJ9+3.96  115.5i7| 

13.462?+ 127.1 -a„ 

|115.6JP  0.6671 

|34Z>*+1602>  0       I 

-18.94Z>»-83.6«i?-«« 


m-X,     -(X^+g) 
I- if.    *»*P'-lf, 


r  0 


128 


-  32.17      I 
34Z?»+160Z?| 


\-(XJ)+q)D-XJ  I-  32.17' 

|-(Z,+  U)i>     -Z,  I    "       I    116.52> 


-k 


34D«+ 164.32)»+ 19.202) -8a 
D+  0.1281 
0.567| 
116.62?*- 14.782?-  17.92-a,, 

2?-Z»l  I-    0.557  2?+  3.951 

-IfJ    "      I        0  -   1.74| 

-  0.9692 -a„ 


Altm 


2?-X 


)-XJ 
-Jf.1      ' 


-0.162  D+  0.1281 

-1.74  0        I 

1.742?+ .2227 -a^ 


fz 


-X. 


-X, 
D-Zy, 


p+o. 

i       0.i 
Z?»+4.C 


128 
557 


-0.1621 
2?+ 3.95  I 


0782? +  .5967- a. 


The  value  of  the  determinant  A  ia 


342? + 288.72?» + 833.02?' + 1 15.12? + 31.18 - 
34(2?* + 8.4902?»  +  24.602?* + 3  3852? + 0.9170). 
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(The  value  of  the  determinant  checks  by  three  calculations.) 
The  roots  of  the  equation 

/(2?)  =  IH  +  8.492)»  +  24.5Z)» + 3.3862> + 0.917  -  0.  (16) 

determine  the  decrements  and  periods  of  the  natural  oscillations, 
and  must  be  f oimd.  (Unfortunately  these  roots  must  be  found  with 
considerable  accuracy,  and  the  rough  first  approximations,  such  as 
are  indicated  by  Bairstow,  seem  insufficient  lor  our  use.)  Let  it  be 
assumed  that  one  root  is  so  large  that  it  may  be  f oimd  approximately 
from 

J9* + 8.49D«  +  24.5J9'  -  Z)'  +  8.49J9  +  24.6  -  0. 

Then  Z)*=  -  4.245  ±2.546i. 

If  now  r  be  an  approximate  solution  of  y(Z>)  —0,  a  new  approxi* 
mation  may  be  had  oy  assuming  r + x,  with  x  small,  as  a  root. 
Then 

/(r)        r*+8.49f»+24.5r+3.885r+0.917 
*"    fTfT  4f»  +  26.47r»+49r+3.386 

approximately.    As  r* + 8.49r + 24.5  »  0,  the  fraction  simplifies  to 

^^     3.385r+0.917     ^«        „. 
^ 23.08r+211.4"-°^  +  -^°^'' 

if  r  -  --  4.246  -  2.546i.    This  root  of  ytZ?)  -  0  is  therefore 

Z>--4.182±2.43Si. 
The  factor  of /(2>)  corresponding  to  this  pair  of  roots  is 

Z)>  +  8.364Z> + 23.43.  (17a) 

Let  the  other  factor  be  Z>>+a2>+&.  Then  23.43&"  0.917  and 
6-.03914.  Also,  8.364(.0391)+23.43a«3.385  or  23.43a-3.068 
and  a  ->  .1305.    Hence  the  second  factor  is 

Z)>  + .  13062?  +  .03914.  (176) 

As  a  check  on  the  work  we  may  multiply  the  two  factors  together; 
we  find 

(Z>»  +  8.364Z>+ 23.43)  (Z>» +  .1305J9  +  . 03914)- 
D^  +  8.4941)* + 24.66D« + 3.386I>  +  .9170. 

We  can  find,  merely  by  careful  trial,  better  factors  as 

(Z)> + 8.369I> + 23.37)  (Z)>  +  .13082?  +  .03924)  -  ,,  ^, 

2)*  +  8.4902? + 24.502?> + 3.3862?  +  .9170.  ^^^> 

The  definitive  roots  of yX2?)  «=  A»0  may  therefore  be  taken  as 

a- -4. 180 -2.4301,  J- -4.180+2.430i  ,,^, 

c--.0654-.1870t,  (f=--.0664  +  .1870t  ^^^^ 
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4  • 

Abticle  4. 
INTEGRATION  FOB  WLQU  SPEED. 

The  iijimerical  equation  for  u  is  (oee  14a) : 

34  (2?*  +  8.49  2)»  +  24.5  2?»+3.385  J5  +  0.917)  u 

«  -34  (0.128  P»  + 1.160  2)»  +  3.386  D-f  0.917)  t^  (20a) 

+  34  Z>  (0.162  !>»  + 0.716  Z)  + 1.647)  w^ 
-34  (69.37  J? +  560.6)  21. 
The  numerical  equation  for  w  is  (see  146) : 

34  (2>*  +  8.49  D»+24.6  Z)»+8.386  1)+0.917)  w 

-  (-X'waa + Z^  +  if|^„).  Wj + Di^u^  +  Jf^agi 

-  -34  (3.96  2>»+23.94  l?»+3.386  I>+0.917)  w^  (206) 

-  34  2>»  (0.667  D  +  2.468)  u^ 

+34  (609.5  2)»+ 66.21  D+ 79.06)  q^. 
The  numerical  equation  for  6  is  (see  14c) : 

34  (2?*+8.49  D«  +  24.6  2)»  + 3.385  2) +  0.917)  ^ 

-  Jf^rtJi +I>«i»«i +2>«»Wi  (20e) 
-34  (4.412  I?»  +  17-99  J5  +  2.628)  q^ 

-34  (0.02851)  I>tti+34  Z)(.06117  Z)  +  .00666)  fP^. 
The  solutions  are  of  the  type: 

w^Oti€f^+0^  +  0^+0^e^+I^,  (21) 

where  a,  h,  c,  d  are  the  roots  of  the  biquadratic  (see  19)  >  Oi^  certain 
constants  of  integration,  and  /«,  /«,  /#  a  set  of  particular  solutions 
of  the  equations.  We  shall  determine  /«,  I^,  1$  in  such  a  manner 
that  they  will  not  contain  the  functions  €"*,  etc.;  we  naay  therefore 
determine  in  advance  the  relations  between  the  twelve  (?'s.  Clhis 
win  debar  us  from  using  as  ^usts  u^,  w^^  q^^  those  which  are  of  the 
form  C€^i  etc.;  but  this  restriction  is  not  important — such  a  damped 
pist  tuned  to  the  damping  and  period  of  the  machine  is  hignly 
improbable  in^ture.) 

If  we  substitute  u,MO^Bm  the  equations  (14),  the  particular  solu- 
tions must  cancel  out  among  themselves  (since  they  can  not  cancel 
terms  of  the  form  e^)  and  leave 

(a-XJ  <7„€»«-X|pCL€»«-(Xga+a)  CL e^+ similar  terms -0, 

-Z,Ci,€««+  (a-ZJ  <3ii«««- (Z^+  U) aO^^&^'\' -0, 

-l£.crue-«-Jf,C,,«»*+Ob»^-if^)C„«»*+ -0. 
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These  eqoations  hold  identically  in  t,  and  the  coefficient  of  €"*,  etc.,  in 
eadi  must  vanish.  The  three  homogeneous  equations  in  the  three 
unknowns  On,  C^,  C^  (or  the  similar  equations  in  C^,  (7^,  0^9  ^m 
^»9  ^tt!  ^lif  ^U9  ^u)  t^^  consistent  because  a  (or  h  C;  d)  is  a  root  oi 
the  determmant  A,  and  the  solutions  are:  % 

with  O^ji  0„:  C„  determined  by  the  same  functions  of  h.  In  words: 
To  obtain  tne  ratios  of  the  coefficients  of  e^  in  u,  v,  v),  substitute 
2>»a  in  the  determinants  6^,  6^,  i^.    Or  0^:  C^:  v^  as 

13.46a  + 127.1   :  -115.6a»- 14.78a- 17.92   :  a»+ 4.078a +.6967 
or  <?„:  Cn.  C,i-13.46a+127.1  :  950.8a+2560  :   -4.281a-22^1. 
Thi3  gives  Ciji  C^:  C^i  as 

70.8--32.7  i:- 1414-2310  i:-4.92  +  10.40  i  or  as 

1:  -4.04-34.62i:  -. 1132 +  . 0946 i. 

The  values  of  (?„:  (7„:  €„  are  the  conjugates 

l:-4.04+34.6i:-.1132-.0946t. 

To  find  Oj^:  O^tiOn  we  must  substitute  c«  —  .066— .187  i  in  the  same 
determinants.    Then 

^1,:  €„:  C;,-13.46c+127.1:.33c-13.39:3.947c+.6566.  Thisgives 
C^i  C„:  C„  as 

126.2-2.616 i:-13.37-.0623i:  .2983-.7380i 
or  1 : -.1068-. 002687  i:  .002478 -. 006799 i. 

The  values  of  the  conjugates  are: 

Cu:  Oui  CM'=l:-.1068  +  .002687i:  .002478  +  .006799 i. 

The  general  solutions  of  the  equation  of  motion  are: 

u  -  One^  +  0,,^  +  C^^  +  Ouef^  +  /«  (22a) 

w- (-4.04-34.6  i)^„6««  + (-4.04  +  34.5 1)(7„«»* 

+  ( -  .1058  -  .002587  i)  C^^e^  +  ( -  .1068  +  .002687  i)  C^e^ + 1^, 

(226) 
^=(-.1132  +  . 0946  i)a^+(-.1132-.0946i)Ci,e«  (22c) 

+  (.002478  -  .005799 1)  C,^ef*  +  (.002478  +  .005799  i)  0^,e^ + h. 

From  these  equations  we  see  that  the  heavily  damped  short  period 
oscillation  (roots  a,  I)  is  about  34^  times  as  strong  in  tt;  as  in  t^; 
whereas  the  mildly  damped  long  period  oscillation  (roots  c,  d)  is 
about  9i  times  as  effective  in  u  as  m  tc?.  Moreover,  the  short  period 
motions  in  u  and  w  are  about  quartered;  but  the  long  period  motions 
are  in  opposite  phase.  The  amplitude  of  the  short  period  motion  in 
0  is  about  -^  that  of  w;  hence  for  each  foot-second  of  short  oscillation 
in  w  there  is  about  i°  in  $.  The  amplitude  of  the  long  period  motion 
in  ^  is  about  .006  of  that  in  u;  hence  for  each  foot-second  of  long 
oscillation  in  u  there  is  about  i^  in  6.  The  damping  of  the  short 
oscillation  is  so  strong  that  the  amphtude  is  reduced  to  about  ono- 
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ninetieth  in  one  second  where  in  the  case  of  the  long  oscillation 
the  reduction  is  onlj  to  about  nin^tenths  of  its  original  value  in  one 
second;  the  relatiye  amplitudes  in  the  cases  of  u,  w,  $  are  more 
important  in  the  case  of  the  long  than  in  that  of  the  short  period 
oscillation  because  the  latter  is  so  quickly  damped  out  that  the 
swin^  may  not  get  well  started.  However,  the  extreme  nuupoitude  of 
the  uiort  period  oscillation  in  to  as  compared  with  u  inmcates  the 
posdbilit^r  of  relatively  violent  accelerations  in  w;  indeed,  it  is  the 
short  period  oscillation  which  may  account  for  initial  difficulties 
whereas  the  long  period  oscillation  accounts  for  the  progressive 
troubles,  due  to  gusts. 

There  remain  to  be  determined  the  values  of  the  constants  C  of 
integration  from  the  initial  conditions  of  uniform  flight,  i.  e.,  t^"K^«^ 
B^q^O.  Let  the  particular  solutions  have  the  initial  values  T^, 
U,V    Then 

0= ( -4.04- 34.51) C;i+(- 4.04  + 34.6  i)C;, 

+  (-.1068-.002687i)C;,+(-.1068  +  .002587i)(7H  +  7«o, 
0=<-.1132  +  .0946i)Cii  +  (-.1132-.0946i)C;, 

+  (.002478  -  .006799  i)(7„  +  (.002478+  .006799  i)C^,  +  Iio, 
0=  (-.1132+. 0946  t)aC'+( -.1132-. 0946  i)6C;, 

+  (.002478  -  .005799  t)cC^i,  +  (.002478  +  .005799  i)dCu  +  /'«,, 
orO=(.703-.205i)Cii  +  (.703  +  .206i)(7u  +  (-.001246-.000084i)C;, 

+  (  -  .001246  +  .000084  i)  Cu  +  /'•». 

The  values  of  C^^,  6L  and  (7|.,  0^^  are  conjugate  imaginaries;  hence 
C„+Ci,«^,  0^^+(Ju'^B.  i(a^-C,^)'^0,  i{C,,-Cj'^D  are  real. 
The  equations  maj^  therefore  be  written 

O'^A  +  B+I^ 

0-  -4.04  ^  +  34.5  <7-.1058  B+. 002687 2) +  /«« 
0=  -.132  ^-.0946  (7+ .002478  5+.005799  D  +  I^o 
0=.703  ^  +  .206  C'- .001246  5+.000084  Z)  +  7V 

The  values  for  A,  B,  O,  D  are  (as  found  by  determinants  and  checked 
by  substitution): 

^-  -.0008856  /«>+. 008198  7^+. 01621  /t.- 1.372  /'«», 
C=  -  .003196  luo-  .02803  7«o+  .01476  /«»- .1543  /'«»,  (23) 

B=  -(l-\0008856)7«>-. 008198  /«,-. 01621  /«»+ 1.372  iV 
D=.35777„o-.2940  7^-172.0  7«»- 29.89  7V 

The  solutions  (22)  of  the  equations  of  motion  of  the  aeroplane  in- 
volve imaginary  numbers  from  which  they  may  be  freed  by  using 
A,  BfCyDin  place  of  (7^,  (7^,,  C^^y  Cw    The  equations  then  become 

u = e^-^  (A  cos  2.43*  +  (7  sin  2.43q 

+  ^.06Mi  (5cos  .187«+i?sm.l870+  7«, 

r 

»-«-*•««  [(34.5  (7-4.04  A)coa2A3t 

-(34.5  ^  +  4.04  G)  am  2A3t] 
+  «-••««  [(.002687  2?  -  .1058  B)  cos .  187< 
-  (.002587  B+  .1058  D)  sin  .187fl  +  /„ 
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tf-r^w  [- (.1132  il  + .0946  (7)  COS  2.43* 

+  (.0946  il-.1132  G)  sin  2.43q 
+  ^o66K  [(.00278  B+  .005799  D)  cos  .187< 
+  (.002478  2)-  .005799  B)  sin  .lS7t]+I$. 

These  formulas  enable  us  to  study  any  particular  g^t  we  desire. 

It  is  merely  necessary  to  find  tlie  particular  solutions,  then  the 
constants  A,  p,  0,  D.  We  shall  reduce  the  coefficients  in  the  paren- 
theses.   Then 

v«e-*i««  {A  COS  2.43<+  Cam  2.430 

+0^^^  (B  cos  .187«+2)sm  .1870  + /•,      (24a) 

,i;-r^.i««  {A' cos 2.43<+  C  sin  2.430 

+^«««  (B'  cos  .187«+Zy  sm  .1870  +  /,,,   (24i) 

$ = r^.Mi  (il-'  cos  2.43<  +  <7'  sm  2.430 

+  ^-^w*'  (J9»  cos  .187<+2)*  sin  .1870  +  4    (24c) 
where 

A'=  -  .1066  Ino- 1.0001  7,«+.4436  A>+.220  7^ 

C"  -  .04346  /|«-  .1696  I^-  .6190  /«„+ 47.93  /^  (25) 

B'-.1066  7«o+. 000107  7«,-.4436  7«.-.220  7'.., 

7?'=  -.03623  7«o+. 03112  7,^+18.20  7«^+3.158  7^ 

il*-  +.0004024  7|«,+  .001724  7|,o--003231  7«9+.1698  7^ 
(7*=  +.0002778  7,^-. 003947  7«,-. 000 13* 7^ -.1123  7'«,,   (26) 
B*-  -.0004024  7«o-. 001724  7,^0-. 99676  7«^-.1698  7^ 
2)*«. 006683  7«o-. 000681  7,e«-.4261  7«^- .08201  7V 

In  any  particular  case  the  calculation  of  the  coefficients  in  (24) 
from  (23),  (25),  (26)  is  likely  to  be  relatively  simple  because  there 
are  so  many  terms  that  for  that  case  may  be  negligible. 

Abticle  5. 

SOME  SPECIAL  GUSTS. 

If  we  wish  to  represent  a  gust  which,  starting  from  the  condition 
of  still  air,  increases  to  a  certain  intensity  J  we  may  use  the  function 

•7(1-^^).  (24) 

The  value  of  r  determines  the  sharpness  of  the  gust.    If  r«l,  the 

Sst  has  reached  about  two-thirds  of  its  value  in  one  second;  if  r  »5y 
6  gust  has  reached  two-thirds  of  its  value  in  one-fifth  of  a  second; 
if  f  »  ^,  the  two-thirds  intensity  is  reached  in  5  seconds.  We  may  per- 
haps regard  r « 1  as  giving  a  moderatelv  sharp  gust^  r«5  as  giving  a 
very  sharp,  and  r^i  as  dving  a  tolerably  mild  gust.  The  function 
(24)  has  tne  advantage  of  being  in  such  form  that  the  determination 
of  the  partictdar  integrals  is  easy.     (See  Wilson's  Advanced  Calculus. ) 
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Casb  1.    Head-on  g%t9i — mUd.    u^^J  (l-^-*). 

In  equations  (20)  we  let  Uj— J  (1— e"*),  tDj— g,-0.    Then 


/,--J(l-.247«r-»), 

/«--.763/, 

/,-.082Jr-*, 

/^--.082/, 

1,  --.00495J^« 

7'*,--0049/, 

f#-. 00099/ «r-J«, 

7'^-. 00099/. 

(N.  B. — ^The  total  in<»«a8e  /  of  the  wind  ocean  everywhere  as  a 
factor  and  may  be  omitted — the  results  then  are  for  an  increase  of 
I  foot-second.) 

«-/r-»««(.622coe  .187«+.630  sin  .187«)-/(l-.247«-«), 

»-y«-««(_.004  cos  2.48<+.003  sin  2.48*)- J«-«^(.078 cos  .187< + 
.059  sin  .  1870  +  .082/«-*, 

«»yr^«««(.00495  cos  .187<-.0081  wn  .187<)-.00496/«-* 

It  appears  from  these  equations  that  the  effect  of  a  mild  head-on 
gust  of  magnitude  /  is  as  follows:  (1)  The  machine  takes  up  an  easy 
dowly  damped  oscillation  in  u  of  amplitude  about  89  per  cent  of  J; 
af  ttr  the  oscillation  dies  out  the  machme  is  making  a  speed  J  less  rela- 
tive to  the  ground  and  hence  the  original  speed  raative  to  ihp  wind. 
(2)  There  is  a  rapidly  damped  oscillation  in  id  of  rather  small  majpi- 
hide  and  a  slowly  dampea  one  of  about  10  per  cent  of  Jj  the  mial 
condition  beine[  tnat  of  horizontal  flight.  (3)  There  is  a  diow  oscilla- 
tion in  pitch  of  about  .0068  J  radians  or  about  .32  J^.  If  the  ma^- 
nitade  J  is  sieat,  the  pitching  becomes  so  marked  that  the  approxi« 
mate  method  of  solution  can  no  longer  be  considered  yalid — a  eust 
of  20  foot^seconds  causing  a  pitch  of  some  6°.  As  the  period  is  long 
(about  one-hatf  minute)  we  pilot  should  haye  ample  time  to  correct 
Ae  trouble  before  it  produces  serious  consequences.  * 

The  result  of  ,a  taiton  gust  is  the  opposite  of  that  of  the  head-on 
gust  and  therefore  need  not  be  treated  separately.  For  the  head-on 
gost  /  is  negatiye;  for  a  rear  gust,  positiye. 

To  calculate  the  stresses  on  we  machine  or  operator  caused  by  the 

S»t  we  haye  merety  to  find  the  accelerations  duldt  and  d/wldt  of  which 
e  first  is  (approxunately) — 

du/dt'^Jr-'^i.OS  cos  .187^- .16  sin  .1870 - .06Jr-» 

This  acceleration  reaches  a  maximum  of  something  of  the  order  of 
J/10;  and  if  J  should  be  20  footH9econdS|  the  accekration  would  be 
only  about  2,  or  6  per  cent  of  ff — ^not  a  lai^e  amoimt.  The  accelera- 
tion 3u>/dt  is  likewise  small.  (N.  B. — The  initial  accelerations  du/di 
vAdu>ldt  should  yanish,  because  the  gust  starts  from  zero.  That 
the  initial  yalues  are  not  exactly  zero  in  tiie  aboye  formulas  is  due  to 
the  roughness  of  the  final  calculations  for  u  and  w.) 
The  path  of  the  machine  yaries  from  the  horizontal  by  the  amount 
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which  accounts  for  the  effect  of  the  vertical  velocity  and  of  the  cUmb- 
ing  in  the  path.    The  result  is  (roughly) 

2- J  Te- o««(  5  cos  .187^-  .4  sm  .1870(ft-  .5r-*(ft, 

2j- J[r-o««(cos  .187^+3  sin  .1870 +  2.5r-»- 3.6]. 

The  motion  is  oscillatory  approaching  as  a  limit  0»  —  3.5  /•    The 
machine  will  rise  70  feet  when  the  gust  is  20  foot-seconds  head-on. 

Case  2.     Up  gust — mild.    Wj  =« /( 1 — e"*) . 

lu « .305  Je-*  /«, « .305  J, 

/,p  =  J(l-1.012€-«),  /«,=  -.012  J, 

i#« .000737  Jer^,       .  i«»=  .000737  J, 

,  JJ«  -  .000147  /e-«,  iJo*  -  .000147  J. 

ti«  Je-«^(-.305  cos  .187<-.0108  sia  .1870+306  J«-», 

u?=-/r^-i«(-.02cos2.43«+.026sia  2.4«)+Je-«»%032  coe  .187^+ 
.002  sin  •1870  +  /(1-  1.012e-«), 

^=Je^.«»«(.0008  cos  187^+. 0017  sm  .1870  +  .00074e-«). 

The  effect  of  the  up  gust  is  to  set  up  a  small  lon^  oscillation  in  u 
of  magnitude  about  0.3  J,  a  very  small  oscillation  m  i^  and  a  long 
oscillation  of  intensity  .0018  J  radians  or  .11  J^  in  6.  The  compar- 
ative effects  on  the  velocity  and  angle  in  the  case  of  head-on  ana  up 
ffusts  show  that  the  iip  gust  is  only  about  one-third  as  effective  as  the 
head-on  gust.  The  acc^arations  in  the  case  of  the  up  gust  are  all 
small. 

To  find  the  displacement  in  a  vertical  direction  we  integrate  as 
before. 


g-.J^(^+ 116.6^)*. 


It  is  scarcely  necessary  to  trouble  with  the  trigonometric  term^ 
partly  because  tiie  motion  is  lees  pronoimced  than  in  Case  1,  partly 
because  there  is  here  the  secular  term  Jt,  which  will  carry  the  machine 
up  with  the  gust  and  will  be  the  chief  effect  after  the  lapse  of  a  short 
tune. 

A  down  gust  is  in  every  way  the  opposite  of  an  up  gust  and  need 
not  be  separately  treated. 

Case  3 .    Rotary  gust — mild,    ffi = «/( 1  —  «*"*) . 

/,-  -  J(610.6-476.5e-»),        /|«,=  -135.1  J. 
/«,=J(86.21-74.87e-«),  /«p=11.34J. 

,  i= J(2.865  +  .691«-«),  /io« 3.656  J. 
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ft«  -  .138  Jt  -«,  P^^  -  .138  J. 

I^^Jr^'^iAQ  cos  2.43<+.1875  sin  2.43<) 
+  Je-<»M«(  134.7  cos  .187^-659  sin  .1870 
-•7(610.6-475.66 -«), 

/«,  =  Je^»*(4.61  cos  2.43<- 16.82  sin  2.430 

+  J^«««(- 15,95  cos  .187^+70.08  sin  .1870 
+  J(86.21-74.87«r-«), 

/^= Je-*i«(-.0698  cos  2.43^+. 0223  sin  2.430 
+  Je-««^(- 3.487  cos  .187^-2.414  sin  .1870 
+  J(2.865+.691i5-"'»). 

The  effect  of  the  rotary  gust  is  a  long  oscillation  in  u  (the  short 
one  is  negligible)  of  magnitude  about  670  J,  a  short  oscillation  in  ti; 
of  about  17  J  and  a  long  one  of  about  71  J,  a  long  oscillation  in  ^  of 
about  4.1  J.  The  comparison  with  former  cases  may  be  made  by 
supposing  first  that  the  oscillation  in  u  may  reach  some  20  foot- 
seconds.  Then  t7»l/33».03.  The  amplitude  of  the  oscillation 
in  0  is  then  some  0.12  radians,  which  is  an  amount  comparable  with 
the  6^  of  Case  1.  To  get  an  idea  of  what  J».03  means,  we  may 
note  that  if  a  gust  of  20  foot-seconds  is  due  to  a  whirl  of  the  air  as 
a  solid  body  with  q. « .03,  the  radius  of  the  whirl  is  660  feet.  We 
may  therefore  say  that  the  effect  of  a  whirl  of  radius  660  generating 
velocity  of  20  foot-eeconds  is  of  itself  about  equal  to  that  of  a  head-on 
velocity  of  that  amoimt.  If,  however,  a  machine  ran  into  such  a 
whirl,  it  would  experience  both  the  effect  of  the  whirl  and  of  the 
linear  velocity  generated  by  it  and  would  be  disturbed  considerably 
more  than  if  it  had  encountered  a  pure  head-on  gust.  We  may 
therefore  say  tiiat  if  the  head-on  gust  arises  from  a  whirl  of  mate- 
rially kss  than  660-foot  radius,  the  effect  of  the  whirl  is  quite  con- 
siderably larger  than  that  due  to  a  straight  head-on  gust  of  equal 
magnitude. 

The  conditions  after  enough  time  has  elapsed  to  allow  the  expo- 
nential term  to  become  small  is  ' 

/u= -610.6  J.  4  =  86.2  J.  7^=2.865  7. 
It  is  therefore  seen  that  the  machine  takes  up  the  head-on  velocity, 
acquires  a  small  upward  velocity,  and  is  inclmed  at  an  angle  2.865J 
ramans  to  the  horizontal^  these  effects  being  due  exclusively  to 
the  rotary  motion  of  the  air.  The  path  in  space  could  be  obtamed 
by  integration,  but  (like  the  effects  previously  mentioned)  would 
not  be  the  true  path  if  the  rotary  motion  were  accompanied  by 
horizontal  or  vertical  linear  gusts.  It'  seems  therefore  scarcely 
worth  while  to  find  the  path. 

The  value  that  I  attach  to  this  theory  of  rotary  gusts  does  not 
arise  so  much  from  the  fact  that  such  gusts  seem  nowhere  to  have 
been  treated  as  from  the  revelation  of  the  powerful  effects  of  such 
gusts.  When  a  machine  is  flying  low  it  must  expect  to  meet  air 
which  has  been  set  in  rotation  by  the  friction  of  the  wind  against 
the  ground,  against  buildings,  or  against  trees.  It  seems  certain 
that  very  material  an^ar  velocities  niightbe  set  up  and  that  these 
might  (owing  to  their  short  radius)  induce  only  moderate  linear 
gusts.  In  such  cases,  if  they  can  arise  as  assumed,  the  machine 
25302'-^,  Doc,  268, 64-1 6 
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mi^ht  behave  very  much  worse  than  could  be  foreseen  when  nothing 
is  known  of  rotarjr  gusts.  It  is  not  unlikely,  however,  that  rotiuy 
gusts  would  be  very  irregular  themselves  and  that,  before  the 
machine  could  feel  the  full  effects  of  one,  the  gust  might  have  dis- 
appeared. In  the  same  way  rotation  could  be  generated  at  the 
interface  between  dark  and  light  regions  of  air — ^mdeed  any  sharp 
relative  motion  of  the  aii:  is  likely  to  contain  rotation. 

Case  4.     Head-on  gust — moderate.    u^^JiX  —  «^). 

7„-  -  J(l  +  .098760,  /iio=  - 1.09876  J, 

I^ = .1307  Jer*,  /«, « .1307  J, 

i-  -  .00196  Je^,  Ibo^-  .00196  J, 

/'f=  +.00196  Jr^,  Fbo^  +.00196  J. 

tt«  Je-*i«( -  .000676  cos  2.43<- .000486  sin  2.43< 
+  j^.0664<(i  09944  cos  .187<-.1528  sin  .1870 
--J(l  +  .09876er-^), 

ti;=j6-*i««(-. 01405  cos  2.43<+. 02528  sin  2.430 
+  J6-<««(~.1159  cos  .187*+. 01493  sin  .1870 
+  .1307J<r«, 

^«  Jir*.i«(.0001207  cos  2.43*-. 00000896  sin  2.430 
+  Je-«»«{.001838  cos  .187*-. 006755  am  .1870 
-.00196  Jer^. 

The  short  oscillation  in  u  is  negligible  not  only  in  regard  to  its 
magnitude  but  even  as  far  as  accelerations  are  concerned.    Then 

du/dt^Jer-'^(-.l  cos  .187*+. 21  sin  .1870 +  .!•/«-*. 

This  is  at  most  about  .25  J.  or  5  f oot-secondfa '  if  c^ »  20.  The  short 
oscillatiqn  in  tr  is  considerably  smaller  than  the  long,  but  when  the 
coefficients  —4.18  and  2.43  are  brought  in  by  differentiating  to  find 
dw/dt,  whereas  -.0654  and  .187  are  Drought  in  by  the  long  oscilla- 
tion, it  appears  that  the  short  oscillation  is  effective  in  determining  • 
the  acceleration.    Thus 

dw/dt^Je-^'^^(.12  cos  2.43^- .07  sin  2.4«) 
+jre-<^{.01  cos  .187)-. 13  Jer*. 

The  amount  of  this  acceleration  is  ai  most  about  c7'/12,  one-third  that 
in  u;  the  effect,  however,  is  produced  very  quickly,  in  the  first  half  ^ 
second. 

In  integrating  to  find  the  path  in  a  vertical- plane  we  may  neglect 
the  short  oscillation,  because  in  this  case  we  divide  by  —4.18  and 
2.43,  whereas  for  the  long  oscillation  we  divide  by  -.0654  and  .187. 
Then 


«-jr  (w+115.5e)di 


-  J  r  [r-~^(.106  cos  .187^-. 766  sin  .1870  -  .096«-el* 
- t7e-«*«(2.3  sm  .187<+3.5  cos  1.870  +  .095  Jr^-3.6  /. 
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The  final  condition  is  a  rise  of —3.6  Jj  an  amount  which  agrees  with 
that  in  the  case  of  the  mild  gust  (Case  1)  in  as  far  as  the  rough  calcu- 
lation  of  that  case  permits  us  to  judge. 

Case  5.   Up  gust — moderate.  w?|«J(l  — ent). 

/,=  .0773  Je-^,  /«-  .0773  J, 

7^=-J(l-1.205<r«),        7^=. 205  J, 

/f  =  -  .003069  Je^,  /«a=  -  .003069  J, 

/'f  =  .003069  Je-^y  I%=  .003069  J. 

ti-=jrr^J«(-. 002641  cos  2.43<-.00651  sin  2.430 

+  jrr-*»«(«. 07466  cos  .187«+.4034  sin  .1870  +  .0773  Jer<, 

tr=Je-*'»«(-.2139  cos  2.43<+.1174  sin  2.430 

+  Jer-«»«(.008943  cos  .187<-  .02337  sin  .1870 ~  J(l -  1.205r^), 

$^  jrir*-«(,0009148  cos  2.43t  +  .000487  sin  2.430 

+  jre-o««(  +  . 002164  cos  .187<-.001432  sin  .1870--003069  Je-^. 

The  short  oscillation  is  negligible  in  ii  as  far  as  concerns  u  itself. 
In  calculating  the  acceleration  du/dt  the  short  oscillation  is  not 
negiligible  relative  to  the  long;  but  the  acceleration  is  small  any  way. 
The  effect  of  an  up  gust  J  on  ti  is  about  one-third  the  effect  of  an 
equal  head-on  ^t  (iee  Case  2). 

xhe  short  oscillation  is  the  main  thing  in  v) — ^its  amplitude  is  about 
J/4,  whereas  the  amplitude  of  the  long  oscillation  is  about  «^40;  or 
one-tenth  as  much.  The  acceleration  dw/di  may  therrfore  be  caJ- 
culated  exchiBiyely  from  the  short  oscillation;  it  is 

dw/dt^Jr^'^{l.2  cos  2.430- J  (1-r^. 
This  means  values  approximately  as  follows: 

^-0,     H,       Ji,       H,        54, 
acc.-0,-.35  J,-. 6  J^-J  J,-. 6  J. 

If  J  should  be  20  foot-seconds^  the  maximum  acceleration  would 
be  about  a/2,  even  a  gust  of  10  foot-seconds  would  produce  an  accel- 
eration ofg/4.  Such  accelerations  comiiig  upon  the  pilot  in  one-half 
a  second  might  considerably  surprise  ana  disturb  him.  An  addition 
/of  25  to  50  per  cent  in  the  apparent  weight  of  the  machine  could 
hardly  strain  it  to  an  appreciable  extent  in  view  of  the  large  factor 
of  safety  used  in  the  design.  (N.  B. — ^For  an  up  gust  J^is  negative. 
For  a  down  gust  the  operator  would  lose  25  to  50  per  oent  of  h^ 

'the  path  of  the  machine  in  space  is  not  of  great  importance  in 
this  case.  The  chief  feature  is  the  general  drift  of  the  machine  with 
the  current. 

Case  6.    Rotary  mM — moderate,    j^— J  (1 -«-*). 

As  we  know  so  uttle  of  the  rotation  in  the  atmosphere  and  as 
nothing  particular  of  interest  seems  to  be  indicated  for  this  case 
over  and  above  what  was  found  in  Case  8,  we  shall  not  cany  out  the 
calculations. 
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Case  7.  nead-an  gust — sharp.    u^  —  J  (1  —  er*^) . 

/«=  ~J(H- .01872  €r^\  /«p=  -1.01872  J, 

4=-.05102  Jr^,  /««=--   .05102  J, 

/(,  =  -  .0008896  Jr^,  /«o  «  -  .0008896  J, 

/'•  =  004448  j€-«,  Uo  =  .004448  J. 

u  =  J6"*i«( - .005632  cos  2.43^  +  .003986  sin 2.43^), 
f-Je-<«*«(  1.02435  cos  .187^-. 3294  sin  .1870, 
-J(l  +  .01872«-«), 
t(?= J^-*i«(.1603  cos  2.43e+.1782  sin  2.43^, 

f- Jr-«««(-.1093  cos  .187e+.0322  sin  .1870, 
-.05102/^ 
^=/e-^.i«(.00026  cos  2.43^-  .000984  sin  2.430, 
^j^.0654/(  000628  cos  .187^-. 006755  sin  .1870. 
-.0008896  Jr^. 

Here  again  the  short  oscillation  in  u  is  insi^ificant.  The  long 
oscillation  as  in  Case  4  has  an  amplitude  a  little  m  excess  of  J.  The 
acceleration  dujdt  is  small  of  the  order  J/5.  The  reason  that  a  sharp 
head  gust  does  not  give  a  large  value  to  duldt  is  probably  because 
the  cust  can  blow  through  the  machine;  the  acceleration  is  therefore 
not  large  except  at  the  loops  of  the  slow  oscillation. 

The  short-period  oscillation  in  w  has  now  become  stronger  than 
the  long  oscillation  and  the  acceleration  dwidt  is  mostly  mie  to  it 
and  may  be  written 

dw/dt-^Je^'^i-. 25  cos  2.43e-  1.13  sin  2.430 4- .25  Je-«. 

The  value  of  the  acceleration  never  gets  large  because  it  is  damped 
out  before  the  sine  term  gets  effective— pemaps  —0.4  J  would  be 
about  its  maximum  value.  A  sharp  head-on  gust  is  therefore  about 
half  as  effective  as  a  moderate  up  gust  of  the  same  intensity.  Since, 
uj)  gusts  are  perhaps  not  likely  to  be  as  intense  as  head-on  gusts  ^  we 
mignt*  hazard  a  guess  that  sharp  head-on  gusts  wotild  inconvenience 
thepilot  about  as  much  as  moderate  up  gusts. 
The  most  important  terms  in  the  path  m  space  are 

2  =  Je-««^(1.2  sin  .187^  +  3.5  cos  .1870-3.5  J. 

The  total  rise  is  again  —3.5  J. 

Case  8.     Up  gust — sharp.    w^-=J{l— er^) . 

/«-*  .06621  j6-«,  /«o-  .06621  J, 

/^=  -J(l-.5605  «-«),  iU«  -.4395  J, 

U^-  .00778  Je-^,  I$o^-  .00778  J, 

r«a  =  .0389  J«-«,  /'io = .0389  J. 

u  =  /e-*-^«(-. 05714  cos  2.43e+.006  8in  2.430 
+  Je-««*«(-. 00907  cos  .187e+.3286  sin  .1870 
+  .0662lJe-^ 

lo-Je-*»«(.4378  cos  2.43<-f  1.947  sin  2.430 

_^j^.o«4<(  00181  cos  .187^-. 03474  sin  .1870 
-/(I -.5605  6-^), 
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^==  J«-<>*(.0069  cos  2A3i-  .0122  ain  2ASt) 

+  j^.06M«(  001883  cos  .187<+. 0008667  sin  .1870 
-.00778 /6-«. 

The  oscillation  in  u  is  of  long  period,  and  tho  acceleration  in  tt  is 
small.  The  oscillation  in  w  has  a  short-period  term  of  great  impor- 
tance at  the  start,  but  except  for  this  there  is  very  little  oscillation 
in  w.    The  acceleration  is 

dw/dt^Jr^''^(2.9  cos  2.43<-9.2  sin  2.430-2.8  Jer^. 

(N.  B.— The  value  of  dw/dt  when  t»0  should  be  0  instead  of  J/10. 
The  failure  to  check  seems  due  to  multiplication  of  errors,  whicn  is 
unavoidable.  The  accuracv  of  the  work  m  Case  8  and  Case  5  appears 
reduced  to  two  figures.)  llie  acceleration  is  now  very  serious  indeed; 
it  is  about  —9.2  Jer*-^  sin  2.43^,  as  the  other  two  terms  come 
near  canceling.  The  maximum  value  occurs  when  ^-*.217,  a  little 
over  one-fifth  of  a  second,  as  is  then  about  —1.86  J.  If  J  should 
be  as  large  as  — 18  foot-seconds,  the  acceleration  would  equal  ^-"32. 
Clearly  such  a  sharp  gust  if  it  existed  would  be  very  dangerous  from 
the  sudden  forces  it  would  bring  into  pla^.  As  the  machine,  how- 
ever, would  travel  only  about  24  feet  during  one-fifth  second,  it  is 
reasonable  to  doubt  whether  in  so  short  a  distance  so  large  a  change 
in  vertical  air  velocity  could  occur. 
The  path  in  space  is  found  to  be  approximately 

2--1.2  J€^'^^  cos  2.43f+l.l  J«-«*^  cos  .187^-. 1  Jr-«  +  .2  J-Jt. 

The  final  effect  is  the  general  drift  with  the  gust,  less  a  lag  of  J/5. 

Article  6. 

THE  CONSTRAINED  AEROPLANE. 

If  an  aeroplane  is  constrained  to  remain  always  horizontal  by 
mechanism  wnich  does  not  otherwise  alter  the  machme  or  its  dynam- 
ical properties,  the  equations  of  motion  in  a  gust  may  be  founa  from 
our  previous  equations  by  setting  tf  «  j  =  0.    Then 

(D-X^)  u-X^w^XuUi  +  XuiWi  +  X^i, 

where  Fis  the  effective  force  due  to  the  constraint  and  is  assumed  to 
affect  moments  only,  not  components  of  horizontal  or  vertical  force, 
llie  last  equation  merely  determines  F. 
With  the  numerical  data  we  find  for  high  speed 

(I?.  +  128)u-.162w  =--.138t£i  +  .162t£7„ 

.557u  +  (Z?  +  3.95)ii> «  -  .5&7u^  -  3.95w„ 

F=  -  .174(w+t(?,)  + 150},. 
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The  natural  motion  of  the  machine  when  slightly  disturbed  in 
steady  air  is  found  from 

The  roots  are 

i?=  -2.039 ±1.887=  -3.926  or  -0.152. 

We  thus  find  the  first  result:  The  machine,  when  disturbed,  does 
not  execute  a  double  damped  oscillation,  but  has  an  aperiodic  motion 
of  the  form 

•  The  two  damping  factors  —3.93  and  —0.15  lie  between  the  values 
—  4.18  and  —.0654  previously  found. 

The  unconstrainea  machine  was  stable  for  the  speeds  79, 51,  and  47 
mile-hours:  unstable  for  45.2  mile-hours  and  lower  speeds.  If  we 
take  the  data  for  47  mile-hours  and  use  them  for  the  constrained 
motion,  we  find 


=2? 


.151        .075 
+  .936        J9+1.46 


./>*+ 1.61  Z>+. 150-0, 


of  which  the  roots  are  —1.51  and  +.10.  The  natural  motion  of 
the  machine  is  therefore  of  the  form 

c,«-^»«+c;«-*«. 

The  second  factor  indicates  instability;  the  motion  due  to  it  increases 
instead  of  subsides  and  reaches  2.78  times  its  original  value  in  10 
seconds.  We  thus  find  the  second  result:  The  machine,  when  con- 
strained, becomes  imstable  at  a  higher  speed  than  when  free — ^it  is 
to  this  extent  a  more  dangerous  machine. 

We  shall  now  return  to  the  case  of  high  speed  and  compute  the 
effect  of  certain  gusts  on  the  constrained  machine  for  comparison 
with  the  effect  of  the  same  gusts  on  the  free  machine.  The  general 
solutions  are 

u  «  -  .0426  Cj^  e-^'*^  +  Ci  6-»«  +  /„ 

w=  C,  «-•••«-. 147  C,  «-^«  +  /,,. 

Q  «  -  .148  7«- 1.006  /«», 

Ci=  - 1.006  7«p-  .0429  /«o. 
A'tt=  -{.128  Z)  +  .598)  Wi  +  .162  ZTir,, 
A'tt?-  -(3.95  i)  +  .598)  w^-.bhl  Du^. 

Case  1 .    Head-on  gust — mild,    -u, « •/  (1  -  «-•*) . 

/,  -  -  J  ( 1  +  3.20  «-«),         /«,  =  -  4.20  J, 
/« = .622  J«-»,  /^ = .622  J. 

tt-4.19  J«-'«  -  J  (1  +  3.19  «-*), 
to-  -.62  Jc-«+.62  J«-«. 
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The  machine  takes  up  the  gust  as  before,  of  course.  There  is  no 
OBcillatkm*  There  is  practicauj  no  acceleration  in  either  u  or  w. 
He  path  in  space  is 

z- J  (4.1  e-«*-3.1  «-•*•)-/. 

He  total  rise  is  only  — /•    In  every  way  the  motion  in  this  case  is 
Mflier  in  the  constramed  than  in  the  free  aeroplane. 

Case  2,     Up  gust — mUd.    Wi  -  J(l  -«—•*•). 

t 

/u"*  —  .186  e/^""'*,  r      _  IQA     7 

/,-  -J(l- 1.079  «-*),  >-  ■^J»y  •'' 

tt-  .186  Je -«*-  .186  Je -^,  '••     '"•  *'• 

w-  -.052  /«-»•"«-. 027  J«-»«-J(l- 1.079  «-«). 

llie  motion  is  again  exceedingly  moderate  in  all  respects. 
Case  3.    Rotary  gtuU.    These  can  hare  no  effect  except  upon 
the  eonstraining  moment  F. 
Cask  4.    Head-on  gutt — moderate.    «i->7(l  — «~0. 

/,-  -  J(l  +  .1896  «-«).        /.,-«  -  .1896  /, 
/«-  .2246  Je-t,  I^"  .2246  /. 

«-.002  /er»^+ 1.187  /«-»•«- J(l  +  . 189  «-*), 
to-  -  .05  J«-"«-  .174  7«-"'+ .224  Je~*- 
*t/<ft-  -.008  Je-»-"«-.180  J«— "«+1^9  Je'K 
AD/dt-. 197  Je-*^+.027  J«-«-.224  Je-*- 
a- 1.16  J«-«-.22  J«-*-.94  /. 

The  motion  is  again  decidedly  moderate. 
Casi  6.     Up  gutt — tnoderaU.    tr»  «•  7(1  —  «"*)• 

/,-  -  .0653  Je-',  /«,-  -  .0663  /, 

/,-  -J(l- 1.350  «-'),        /|„-.350  J. 
it-.0144  /«-»•«+. 0507  «—"«-. 0653  Je-*, 
to-  -.343  J«-»*«-.007  «-'«-/(l- 1.350  «-»). 
dw/dt"  + 1.35  Je-*-**- 1.36  Je-'. 

"Hie  motion  is  easy  except  for  the  acceleration  in  w,  whidi  has  a 
nummom  yrhea  f  —  .46  ana  is  then  equal  to  about  —.62  J.  If  the 
gost  shopld  hare  an  intensity  of  10  foot-seoonds  the  maximum 
acceleration  would  be  about  g/o. 

'  •«      , 

Case  6.    Head-on  gust — sharp.    «,— 7(1— «""). 

/,  -  -  J(l  +  .00796«-») ,      /«,  -  - 1.008  J, 

/,  -  -  .5276  Je  -  ",  /«,  -  -  .5275  J. 

u-  -  .029  Je-*^  + 1.037  Je-'**  -  J  (1  +  .008  «-•). 

W-.680  J«*"'-.162  J«— »'«-^28  Je-**. 

dvldt-  -2.67  J«-»-"'  +  .02  /«-'«+2.64  Je-**. 

2-  -.173  J«-»*'+ Je— W  +  .108  J«-«-.93  /. 


Digitized  by 


Google 


7^  AEBOHAUTICB. 

The.  motion,  including  acceleration,  is  moderate. 

Case  7.     ZTp  gust — sharp.    tOj = i/(l  —  « ~ **) . 

/.«.153  Je-^  Z;^  =  .153J, 

/«,=  -J(l  +  3.628e-«),         /«,=  -4.628  J, 
u=  -.197  /6-»«  +  j044  J«-^«  +  .153  Je-^, 
ii;  =  4.634  Je-»«-.006  Je-»»«-J(l  + 3.628  ^-«). 
dtr/<ft=  -18.2  j6-»*«  +  18.2  J«-«, 

2«  ^1.18  Je-'-^'  +  .at  /«-^«  +  .73  J^-«  +  .41  /-/<. 

The  acceleration  dw/dt  has  a  maximum  when  ^*>5/ll  when  it  is 
1.44  J.    This  is  somewhat  serious  if  /  is  10  foot-seconds. 

We  may  now  calculate  roughly  the  moment  F  necessary  to  pro- 
duce the  constraint. 

F« -.174(^4- ti?i)  +  150}i. 

The  last  term  is  effective  only  when  the  machine  encoxmters  rotat- 
ing aur  and  will  be  neglected  here. 

Case  1.  F=.ll  J(e— »«-«—«). 

Case  2.  F=  J(.009  6-»-**+,005  e-^«-.014  «-  «). 

Case  4.  F-J(.009  «-»••«  + .030  e*^«*-.039  ^-0. 

Case  5.  F«J(.06  i5-»«  +  .0012  ij-i«-.0612  e.-^). 

Case  6.  F=  J(-.119  6-»»«-f  .0266  «--'«  +  .0924  «-«). 

Case  7.  F-.811  J^(-g-»-"» +  «-«). 

SUMMARY. 

I  have  indicated  the  general  method,  based  on  the  theory  of  small 
oscillations,  whereby  the  equations  of  motion  of  a  stable  aeroplane, 
whether  free  or  c<mstrainea  to  fl^  without  pitch,  whether  in  steady 
or  gusty  air,  may  be  completely  intc^ated  in  such  form  that,  after 
a  certam  amo\mt  of  prehminary  cateulation,  the  effect^  upon  the 
motion  of  a  large  number  of  different  gusts  may  be  determined  with 
relative  ease.  So  far  as  I  am  aware,  no  actual  method  of  intcCTation 
nor  anv  quantitative  results  of  such  an  integration  has  previously  been 

Eiiblisned  with  the  exception  of  the  descriptive  popular  lecture  of 
lazebrook  cited  above.  I  have  carried  through  the  actual  deter- 
mination of  the  effects  of  gusts  in  the  following  cases: 

Head-on  gusts  rising  from  0  to  J  feet  per  second  with  various  de- 
grees of  sharpness. 

Up  gust  of  the  same  type. 

Rotary  gusts  of  the  same  type. 

Rear  susts  and  down  gusts  are  included  by  merely  changing  the 
si^  of  J.  For  convenience,  it  has  been  assumed  that  the  machine 
is  in  still  air  except  for  the  gustineiss;  a&  a  matter  of  fact  ^usts  are 
usually  superposed  upon  a  general  steady  wind  of  other  tnan  zero 
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average  velocity :  but  the  conditions  of  flight  in  still  air  \ 
air  are  nearly  laentical,  the  only  difference  being  that 


and  in  steady 
_  that  in  the  equa* 
tioDS  of  motion  the  resistance  derivatives  are  calculated  from  the 
relative  wind,  whereas  U  is  the  actual  velocity  over  the  ground. 

It  has  been  found  that  a  stable  machine,  with  controls  untouched, 
running  into  a  head  gust  of  various  diarpness  and  of  total  intensity 
J  foot-second  will  swoop  up,  with  some  oscillation  of  no  serious  bhar- 
Bcter,  to  a  new  level  about  3.5  J  feet  higher  than  its  previous  level. 
The  constrained  machine  will  rise  without  oscillation  to  a  new  level 
only  J  feetj  or  a  trifle  less,  higher  than  before.  The  path  in  a  ver^ 
ticai  plane  is  indicated  in  the  dia^ams  drawn  for  me  by  Mr.  T.  H. 
Huff.  The  accellerations  arising  m  the  motion  are  not  serious  for 
either  the  machine  or  the  pilot.  It  has  been  found  further  that  a 
rotary  gust  may  have  considerable  effect — thou^  in  the  absence  at 
data  as  to  the  intensity  and  regularity  of  rotation  m  the  air  no  definite 
results  can  be  formulated.  Furthermore  we  find  that  up  gusts 
operate  chiefly  in  lifting  the  machine^  whether  free  or  constramed, 
with  the  gust.  The  paui  in  space  is^ven  in  the  diagram.  There  is 
here  in  the  case  of  sharp  gusts  a  considerable  momentary  acceleration 
in  the  vertical  which  may  reach  a  magnitude  of  about  1.5  /  foot- 
seconds.'  This  would  not  seriously  stress  the  machine,  which  is 
designed  to  stand  accelerations  of  6  o  to  8  ^  in  maneuvering,  but 
owing  to  its  sudden  and  unexpected  appearance  this  acceleration 
midit  incommode  tJie  pilot — it  is  indeed  the  familiar  phenomenon  of  a 
"bump." 

It  follows,  therefore,  that  the  introduction  of  the  constraint, 
whether  by  gyroscopic  or  other  means,  serves  only  to  eliminate  the 
natural  oscillation  in  pitch  and  to  diminish,  in  the  case  of  the  head 
or  rear  gusts  only,  the  final  change  of  level.  As  a  rear  gust  of  20 
f ootHseconds  is  found  to  drop  the  uncontrolled  machine  by  more  than 
80  feet  in  15  seconds,  flight  at  low  altitudes  is  more  dangerous  in  the 
unconstrained  than  in  the  constrained  machine.  Idbwever,  the 
elapsed  time  is  sufliciently  great  to  enable  the  pilot  to  check  the  dip 
hj  a  suitable  movement  of  his  elevator. 

To  offset  any  advantages  derived  from  the  constraint,  we  find  that 
this  particular  machine,  when  constrained,  becomes  unstable  at  a 
speea  between  47  and  51  mile-hours,  whereas  the  free  machine  remains 
stable  down  to  a  speed  between  45  and  47  mile-hours. 

Massachusetts  Institutb  of  Tbohnoloot, 
Barton,  Mass.,  October?,  1916. 
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PABT  1. 


THE   PrrOT   TUBE   AND    OTHER   ANEMOMETERS   FOR 

AEROPLANES. 

By  W.  H.  HBR8CHBL. 


1.  INTRODUCTION. 

The  air  pressures  on  the  wings  of  an  aeroplane,  and  therefore  the 
sostaimng  power  of  the  wings  and  the  stresses  to  which  the  whole 
structure  is  subject,  de]>end  on  the  speed  of  the  machine  relatiye  to 
the  air  through  which  it  is  moving.  The  measurement  of  this  speed — 
particularly  near  the  lower  limit  where  the  sustaining  power  becomes 
deficient  and  there  is  danger  of  stalling,  or  at  very  hign  speeds  where 
any  movement  of  the  controls  may  ^ve  rise  to  dangerously  lai^ge 
stresses — ^is  evidently  a  matter  of  importance,  and  the  use  of  a  relia- 
ble anemometer  or  speedometer  is  highly  desirable.  The  aim  of  the 
following  paper  is  to  describe  the  pnnoiples  of  operation  of  some  of 
the  instruments  which  haye  been  devised  or  used  for  this  purpose 
and  to  discuss  their  characteristics,  so  far  as  it  can  be  done  from  a 
general  point  of  view  or  on  the  basis  of  available  information,  without 
undertaking  new  experimental  investigations. 

Since  the  Pitot  tube  is  the  instrument  which  has  been  most  com- 
monly used  in  the  United  States  and  Great  Britain  as  a  speedometer 
for  aeroplanes,  it  will  be  treated  fiist  and  somewhat  more  fully  than 
the  others.  , 

2.  GENERAL  RKMAEKS  ON  THE  PITOT  TUBE. 

The  speed-measuring  device  known,  after  its  inventor,*  as  the 
Pitot  tube  contains  two  essential  elements.  The  first  is  the  dynamic 
opening,  or  mouth  of  the  impact  tube,  which  points  directly  against 
ine  current  of  Uquid  or  eas  of  which  the  speed  is  to  be  measured,  and 
receives  the  impact  of  the  current.  The  second  is  the  static  op^iing 
for  obtaining  tne  so-called  static  pressure  of  the  moving  fluid,  i.  e., 
the  pressure  which  would  be  indicated  by  a  messure  sauge  moving 
with  the  current  and  not  subject  to  impact.  To  avoid  the  influence 
of  impact,  the  static  opening  points  at  right  angles  to  the  dynamic 
opening.  If  tl^e  two  openings  are  connected  to  the  two  sidles  of  a 
difierential  pressure  gauge,  the  gauge  shows  a  head  which  depends  on 

1  Orfgia  and  ThMry  of  tbe  Pttot  Tabe»  H.  E.  Quy  Bn^bwerlng  N^wb,  JaneS^  1913,  p.  1173. 
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the  speed  and  density  of  the  current  in  which  the  tube  is  placed,  and 
which  may  be  used  as  a  measure  of  the  speed  of  the  flmd  past  the 
Pitot  tube. 

If  the  fluid  is  a  liquid  and  the  two  openings  are  connected  to  a  U 
gauge  containing  the  same  hquid,  the  gaiige  shows  a  head  h  and  the 
usual  formula  for  computing  the  speed  S  is 

S=C^|2gh  (1) 

in  which  g  is  the  acceleration  of  gravity  and  (7 is  the  ''coefficient"  or 
''constant"  of  the  given  instnmient.  If  the  head  Tt  is  read  on  a 
^auge  containing  a  uquid  of  density  d  while  the  density  of  the  fluid 
(either  gas  or  liquid)  in  which  the  Pitot  tube  is  immersed  is  p,  equation 
(1)  takes  the  modified  form: 

S^C^2gh  (2) 

According  to  the  elementary  theory  as  usually  given,  C  should  be 
exactly  1,  and  in  practice  it  is  in  fact  in  the  neignborhood  of  unity, 
when  the  instrument  is  properly  designed  and  used  with  suitable 
precautions. 

As  regards  design,  it  may  be  said  that  numerous  recent  investi- 
gations nave  shown  that  almost  any  sort  of  dvnamic  opening  is 
satisfactory,  but  that  the  static  opening  must  be  designed  with  great 
care  in  order  that  the  coefficient  C'may  be  set  equal  to  imity  without 
involving  any  sensible  error  in  the  residt  of  using  equation  (2). 
Rowse,^  tor  example,  has  made  an  extensive  comparison  of  various 
forms  of  Pitot  tube,  wnich  confirms  previous  results  oDtained  by  White ,' 
Taylor,*  Treat,*  and  others.  With  the  most  satisfactory  tube  tested, 
the  experimental  error  in  S  was  found  to  be  not  over  0.2  per  cent, 
whether  the  static  pressure  was  taken  liom  a  piezometer  ring,^  or 
from  the  static  opening  of  the  tube  as  supplied  by  the  maker.  The 
standard  of  comparison  was  a  Thomas  electric  meter,  which  was 
assumed  to  give  correct  readings.* 

It  may  therefore  be  concluded  that  by  proper  construction  the 
Pitot  tube  can  be  made  to  have  a  coefficient  so  near  unity  that  for 
all  ordinary  purposes  the  equation 


'^V^'V 


S^J2g^n  (3) 

may  be  regarded  as  sensibly  accurate. 

a.  ERRORS  WHICH  MAY  OCCUR  IN  THE  INTERPRETATION  OF  PITOT- 

TUBE  READINGS. 

The  simple  theory  which  leads  to  equation  (3)  assumes  that  the 
tube  is  always  pointed  exactly  against  the  current  and  that  the  ob- 
served head,  Ji,  is  due  to  the  instantaneous  value  of  the  speed  8. 

t  W.  C.  Roww,  Tnns.  A.  S.  H.  E.,  1913.  p.  633. 

•  W.  M.  White,  Journal  Asaociatlon  of  Englneerlnff  Societies,  Angntt.  1001. 

«  D.  W.  Tarlor,  Sodetj  of  Naval  AnAiiteots  and  Marine  Engineen^  Noreniber,  190B. 
«  Cbas.  H.  Treat,  Trans.  A.  8.,  M.  E.,  1912,  p.  1019. 

•  The  pietometer  was  simply  an  air-ti^t  annuiar  space  aboat  the  p^,  ooiinecClnl  with  tii*  interior  of 
the  p^  Dy  six  small  boles. 

•  For  aocaragr  of  Thomas  meter  see  C.  C.  Thomas,  Joomal  Franklin  Instltate,  toI.  172,  p.  411,  and  Pro- 
ceedings Am.  Oas  Inst.,  vol.  7, 1912,  p.  839.  For  more  recent  eirperimental  verffloatioDS  of  equation  (2) 
without  use  of  the  Thomas  meter,  see  F.  H.  Bramwell,  Report  of  British  Committee  on  Aeronautics,  1912- 
1913,  p.  36,  and  Wm.  Cramp,  Mawflieeter  Memota,  voL  68^  part  2,  see.  7. 
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These  assumptions  are  never  exactly  fulfilled  in  ordinary  practice 
and  accordin^y  exact  results  may  not  be  obtained,  eren  mien  no 
fault  18  to  be  lound  with  the  instrument  itself. 

In  the  fii9t  place,  it  is  impossible  to  read  the  gauge  instantaneously : 
farthermore,  there  is  always  a  time  lag  between  the  openings  ana 
the  gauge.  Accordingly,  even  when  the  current  does  not  change  in 
diredaon.  if  its  speed  varies  rapidly  all  that  can  be  observed  is  the 
mean  value  of  h  over  a  certain  time  interval,  and  this  value  does  not 
correspond  to  the  arithmetical  mean  value  of  8  over  the  same  inter- 
val, erven  if  the  interval  is  long  compared  with  the  time  lag,  as  has 
becai  diown  experimentally  by  Kateau.^ 

Disregarding  the  time  lag,  the  value  of  8  computed  by  equation  (3) 
will  be  the  root-mean-eauare  speed,  which  is  always  laiver  than  the 
arithmetical  mean  speea.  Hence  if,  for  example;  the  ritot  tube  is 
being[  used  to  determine  the  discharge  through  a  steam  main  feeding 
a  reciprocating  engine,  the  computra  dischi^ge  will  be  greater  than 
the  true  discharge.  This  error  is  not  likely  to  be  very  large.  If^  for 
instance^  the  speed  varies  sinusoidally  with  time  from  0.5  to  1.5  tunes 
its  arithmetical  mean  value,  the  linear  speed  computed  by  equation 
(3)  win  be  1.0607  times  the  arithmetical  mean  speed  which  deter- 
mines the  total  flow^  or  a  trifle  over  6  per  cent,  too  l^ge. 

A  second  cause  of  error  is  rapid  vanability  in  direction  of  the  cur- 
rent, which  makes  it  impossible  to  keep  the  tube  pointed  correctly 
even  when  momited  on  a  vane.  If,  as  is  usually  tne  case,  it  is  de- 
sired to  measure  merely  the  component  velocity  m  a  fixed  direction, 
the  eddies  which  almost  always  exist  may  introduce  a  considerable 
error  when  this  component  velocity  is  computed  by  equation  (3). 
If  the  variations  of  (urection  are  small,  the  error  is  due  almost  en- 
tirety to  the  effect  on  the  static  opening  and  not  to  change  of  the 
direction  of  impact  on  the  dynamic  opemng.' 

This  source  of  error  is  much  redu^  in  the  Dines  tube,  a  form  of 
Pitot  tube  in  which  Ihe  static  opening  consists  of  a  number  of  round 
holes  or  longitudinal  slits  in  a  noUow  cylinder  placed  with  its  axis 
perpendicular  to  the  direction  of  the  impact  tube  and  to  the  plane 
m  which  the  variations  of  direction  are  expected  to  occur.  When 
this  instrument  is  employed  as  an  anemometer,  its  principal  use,  the 
cylinder  is  of  course  vertical. 

The  heads  given  by  the  Dines  tube  are  sensibly  mdependent  of 
errors  in  direction  up  to  about  20^  on  each  side  of  the  mean.  To 
offset  this  advantage,  the  instrument  is  somewhat  less  sensitive 
than  the  ordinary  Pi  tot  tube,  the  coefficient  C  being  greater  than  1. 
Furthermctt-e,  each  tube  must  be  calibrated  separately,  and  it  is  not 
even  certain  that  the  coefficient  is  strictly  constant  lor  each  tube. 
Data  by  Dines'  show  a  constant  coefficient  (7«=1.53.  Jones  and 
Booth*  find  values  from  1.20  to  1.70  for  different  tubes.  Zahm^ 
finds  values  from  1.42  to  1.50,  depending  on  the  speed. 

It  has  sometimes  been  doubted  whether  the  coefficient  C  of  a  given 
Pitot  tube  was  dependent  solely  on  the  relative  speed  of  the  fluid 
and  the  tube,  the  suggestion  being  that  a  tube  standardized  by  mov- 

I  AmaOes  dec  Mines,  1898,  p.  341. 

•  L.  F.  Moody,  Prooeedina  Enc^liMere'  Sodety  of  Weitera  IPtmmylrtak^  Mmy,  1914. 

•  QoaitertT^iiniiarR^  Society,  Tol.  18, 1802. 

•  AeranantlOBl  Joanial,  Jnly.  1013,  p.  195. 

•  Fhyiiaa  Review,  1908,  p.  lu. 

25302*— S.  Doc.  268, 64-1 6 
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ing  through  a  quiescent  medium,  as  with  a  whirling  ann  in  air,  m^j 
not  give  correct  results  when  used  to  determine  the  yelocitv  of  a 
fluid  past  a  fixed  point.  It  is  difficult  to  see  how  the  Pitot  tuoe  oan 
respond  to  anythmg  but  velocity  relative  to  itself.  At  all  events, 
experiments  by  Fry  and  Tyndall  ^  have  shown  that  while  there  was 
some  ajmarent  disagreement  at  speeds  below  11  miles  per  hour 
(17.7  kilometers)  where  the  experimental  errors  were  large,  for 
higher  speeds,  up  to  36  miles  per  nour  (68  kilometers)  both  methods 
of  standardization  save  the  same  result. 

Which  method  of  standardization  should  be  adopted — motion  of 
the  tube  or  motion  of  the  fluid — may^  neverthdess,  depend  on  the 
purpose  for  which  the  instrument  is  mtended.  It  is  impossible  in 
practice  to  set  up  an  artificial  current  of  fluid  which  shall  have  a  hi^ 
speed  a^d  not  be  turbulent  and  full  of  eddies;  and  the  only  conditions 
to  whidi  equations  (1)  and  (i)  refer  are,  in  strictness,  those  of  steadv 
stream-line  flow  or  steady  motion  of  the  tube  in  a  quiescent  fluid,    fi 


the  tube  is  to  be  used  in  a  very  turbulent  medium,  as,  for  example,  in 
measuring  the  discharge  from  a  fan,  it  should  be  standardized  in  a 
stream  offluid  in  whidi  the  turbulence  is  about  the  same  as  it  will 
be  under  the  working  conditions.  It  might  very  well  happen  that  a 
given  tube  when  tested  on  the  whirling  arm  or  by  movmg  through 
still  water  gave  a  coefficient  (?» 1,  while  if  the  tube  were  tested  in  a 
turbulent  current  some  other  value  of  C  was  obtained.  If  the  tube 
were  to  be  used  to  measure  the  avarage  speed  of  a  similarly  turbulent 
current,  this  second  coefficient  should  be  used  and  not  the  value  (7»  1. 
Apparent  errors  and  inconsistencies  in  the  results  obtained  by 
equations  (1)  and  (2)  have  probably  been  due  in  part  to  disregarding 
the  foregoing  obvious  considerations. 

4.  WORKING  FORMULAS  FOR  PERFECT  PrrOT  TUBES. 

It  will  be  convenient  to  collect  here,  for  reference,  certain  practical 
working  forms  Of  equation  (3)  for  the  perfect  or  ideal  Pitot  tube,  that 
18,  for  a  tube  having  the  coefficient  C  equal  to  unity.  If  the  tube  does 
not  satisfy  this  condition,  whether  on  account  of  its  design  or  from 

>J.D.Fr7aiidA.M.T7iidtfl,FhlloBQphlOttllCagMine  (d),  toI.  31,  p.  S4S  Ittl. 


Digitized  by 


Google 


AXBONAUTIGS. 


83 


the  neceBBarv  dicumstances  of  practical  use,  the  value  of  C  must  be 
determined  By  experimeuti  and  the  values  of  8  given  by  the  following 
eqoations  are  then  to  be  multiplied  by  the  observed  values  of  (7. 

We  start  by  inserting  the  value  i7-«  32.17  ft./sec'  or  9.81  m./sec.'  in 
the  general  equation  (3),  viz: 


^-V2^ 


(3) 


in  which  i9«the  speed  of  the  current, 

&»the  head  on  tJie  differential  eauge, 
cZ»-  the  density  of  the  liquid  in  uie  gauge, 
p  « the  density  of  the  current. 
From  thk  we  obtain  special  equations  for  practical  use. 

{A)  Any  two  fluids. — d  and  p  may  have  any  values  but  are  to  be 
measoied  m  the  same  units.    The  value  of  8  is  given  by  the  equation 


8-X^] 


*1 


(4) 


with  tbe  values  of  X  shoivn  in  Table  1  for  Tarious  methods  of  express- 
ing 8  and  A. 

Tabu  l.—Vabie$o/Z/ore9uailm(4). 


&  maaBured  in— - 

a9  messuied  in— 

X. 

rPt./Bec 

2.316 

Inches  of  liquid  of  dendty  J 

Ft  /min . , 

138.9 

mUlhmjr  

1.579 

fM./Bec 

.1411 

Mm.  of  fiqnid  of  density  d 

M./min 

8.404 

Km./hottr i , . . 

.5043 

{B)  Any  moving  fluids  gauge  liquid  ti^if^.— The  value  of  iS  is  given 
by  the  equation 

5-F^  (6) 

with  the  values  of  Y  shown  in  Table  2. 

Tablk  2.— FaZii««  of  Tfor  equation  (5). 


A  msssored  in— 

p  measured  in— 

8  measured  in— 

Y. 

• 

Lbfl./ft.' 

fFt./flec 

18.28 

liKhsa  of  water  at  68^  F.  »20^  C 

FtJmm 

1097 

Egm./m.' 

UiUftimir 

12.46 

fM./eec 

4.426 

Mm  of  water  at  68^  F.»20^  G. 

M./min 

265.5 

Km./hour 

15.93 
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When  the  Pitot  tube  is  to  be  used  in  air,  the  air  density  p  for 
use  in  equations  (4)  and  (5)  may  be  found  as  follows: 

Let  B  *-  the  barometric  pressure. 

Let  <»the  temperature  of  the  air. 

Let- P» the  pressure  of  saturated  steam  at  <^,  from  the  steam 
tables. 

Let  H==  the  relative  humidity. 

Then  in  English  tmits,  if  B  and  P  are  in  inches  of  mercury  and  i 
in  degrees  F,, 

P=1.327^^^§5?f^lb8./ft.'  (6) 

or  in  metric  units,  if  B  and  P  are  in  millimeters  of  mercury  and  t 
in  degrees  C, 

p = 0.464 273+7 —  ^S°^/"^-  ^^^ 

All  the  numerical  data  given  in  this  section  are  accurate  enough 
to  permit  of  computing  the  speed  to  within  0.1  per  cent.  Actual 
values  computed  from  equation  (6)  may  be  foimd  from  Table  T, 
section  13.  The  calculations  required  oy  equation  (6)  may  be 
avoided  by  the  use  of  diagrams  given  by  Rowse*  and  Taylor.*  Hinz' 
gives  a  diagram  showing  the^as  constant  of  moist  air,  which  may 
be  used  in  place  of  equation  (6a). 

5.  ERRORS  OF  THE  PITOT  TUBE  AT  VERT  HIGH  SPEEDS. 

The  theory  of  the  action  of  the  Pitot  tube,  as  given  in  Part  2  of 
this  paper,  shows  that  the  eciuations  given  in  we  preceding  sec- 
tions must  be  expected  to  require  a  correction  if  the  observed  pressure 
difference  is  enough  to  compress  the  fluid  sensibly.  This  will  never 
occur  when  liquids  are  in  question,  though  when  the  instrument  is 
used  for  measuring  the  speed  of  a  gas  the  correction  required  to 
allow  for  compressibility  might  become  sensible  at  high  speeds.  But 
for  the  highest  speeds  attained  by  aeroplanes,  say  130  miles  per  hour, 
the  correction  computed  from  the  theory  is  less  than  0.6  per  cent., 
an  amount  which  is  altogether  negligible  in  comparison  either  with 
the  errore  of  observation  or  with  the  uncertainties  of  the  theory 
itself,  which  is  far  from  convincingly  rigorous. 

6.  GENERAL  REMARKS  ON  RESISTANCE  ANEMOMETERS. 

When  a  fixed  obstruction  is  placed  in  a  current  of  fluid,  it  experi- 
ences a  force  in  the  direction  of  flow  which  depends  upon  and  may  be 
used  as  a  measure  of  the  speed  of  the  current.  The  force  depends  on 
the  relative  motion  and  is  the  same,  at  the  same  relative  speed,  when 
the  fluid  is  at  rest  and  the  body  moves  through  it,  the  force  then 
appearing  as  a  resistance  to  the  motion.  It  is  the  resultant  of  forces 
exerted  on  the  elements  of  the  surface  of  the  body  (a)  normally  by 
the  pressure,  which  varies  from  point  to  point;  and  (Jb)  tangentially 

>  Loc.  eft.,  p.  eoo. 

s  Loc.  clt..  p.  89,  and  plates  83  and  34. 

*  Adolf  Hixu,  Thermodynamiache  Orundlageo  der  Kolben  and  Turbokompceaaoren,  p.  42. 
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by  flkm  friction  of  the  fluid  moviii^  along  the  surface.  Since  we  are 
DOW  interested  only  in  devices  which  may  be  used  as  anemometerB. 
we  may  as  well,  for  the  future,  say  ''air''  instead  of  fluid,  and  ''wind'^ 
instead  of  current. 

As  r^ards  the  presBure,  there  is  always^  on  the  windward  or 
upstream  side,  a  region  of  increased  pressure,  i.  e.,  of  excess  aboye  the 
gjsneral  static  pressure  of  the  air;  while  on  the  leeward  or  downstream 
aide  there  is  a  deficiency.  In  the  Pitot  tube,  the  obstruction  consists 
of  the  impact  tube  witn  its  open  mouth  at  the  upstream  end.  This 
receiyes  the  excess  pressure  and  transmits  it  to  the  gauge.  The 
mstrument  deals  solely  with  the  excess  pressure  on  the  upstream 
side,  of  an  obstruction  of  particularly  simple  form,  the  drag  due  to 
skin  friction  and  the  suction  on  the  downstream  side  haying  no 
effect  on  the  reading  of  what  we  haye  called  a  perfect  Pitot  tube. 

The  next  simplest  case  is  that  of  a  thin  flat  plate  of  regular  outline 
set  normal  to  the  wind.  The  skin  friction  forces  balance  one  another 
and  Uie  whole  normal  force  on  the  plate  is  the  surface  intend  of  the 
excess  of  pressure  on  the  front,  oyer  that  on  the  back.  If  the  plate 
IS  mounted  so  that  the  force  of  the  wind  on  it  can  be  measured,  it 
constitutes  a  ''pressure*plate  anemometer." 

Various  deyices  whicn  are  in  practical  use  may  be  regarded  as 
intermediate  between  the  Pitot  tuoe  and  the  pressure  plate  anemome- 
ter. Among  these  are  the  Dines  tube  (seep.  82),  the ''Stauscheibe," 
and  the  Pneumometer.  The  Stauscheibe  is  a  metal  disk  about  1 
cm.  in  diameter  with  holes  in  the  centers  of  its  two  faces  from  which 
the  pressures  are  led  to  the  two  arms  of  the  U  gauge,  through  tJie  disk 
and  through  the  support  by  which  the  disk  is  hdd  prependicular  to 
the  current.  The  Fhemnometer  differs  from  the  Stauscheibe  oi^ 
in  details  of  construction.  For  both  these  instruments  the  coem- 
cient  of  equation  (1)  has  the  yalue  0.854,  the  obeeryed  pressure 
difference  being  influenced  by  the  suction  at  the  downstream  face  as 
well  as  by  the  impact  p'ressure  on  the  upstream  face.* 

In  the  case  of  pressure  plate  anemometers,  it  is  usually  the  total 
force  acting  on  the  obstruction  in  the  wind  that  is  measmred,  rather 
than  a  manometric  pressure,  although  Stanton '  used  a  diaphragm 
and  air  pressure  to  transmit  the  force  acting  on  a  plate  to  amanometer 
50  feet  away. 

If  the  sohd  obstruction  is  anything  else  than  a  thin  flat  plate  normal 
to  the  wind,  skin  friction  as  well  as  pressure  contributes  to  the  result- 
ant force ;  and  if  the  body  is  not  srmmetrical  about  an  axis  parallel  to 
the  wind,  the  resultant  force  will  not  in  general  be  parallel  to  the 
wind,  but  the  body  will  receiye  a  side  thrust  in  addition  to  the  resist- 
ance in  the  direction  of  the  wind;  as,  for  example,  when  the  wing  of  an 
aeroplane  has  both  lift  and  drift.  Any  body  mounted  so  that  the 
force  on  it  can  be  measured,  proyides  a  means  of  measuring  the  speed 
of  the  wind  and  may  be  used  as  an  anemometer;  but  if  the  body  is 
to  be  held  in  a  fixed  orientation  with  respect  to  the  wind,  it  is  eyi- 
dentfy  simplest;  mechanically^  to  ayoid  side  thrust  by  making  the 
body  symmetrical  about  the  wind  direction,  preferably  a  figure  of 
revolution  about  that  axis.  The  resistance  offered  to  tne  wiml  by  a 
symmetrical  body  of  giyen  maximum  section  normal  to  the  wind 

>BowBe,k)c.dt.,i».«77tiidfl84.   A.  Onmbei^^^TedmlaoheMossiiiigan,  third  edition,  1914,  p.  09.   Crunp, 
*  T.  li.  Stanton,  Collacted  RMearehes,  National  Pliyiioal  Labotatory,  yoL  y,  1909,  i».  109. 
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depends  greatly  on  its  shape,  being  less  for  a  sphere  than  for  a  flat 
plate  normal  to  the  wind,  and  stul  less  for  a  somewhat  elongated 
spindleHEihaped  body. 

Whatever  the  shape  of  the  body  may  be,  mdess  it  is  a  sphere  its 
resistance  to  a  siven  wind  depends  on  its  presentation,  and  by  a 
suitable  choice  of  shai)e  this  variation  of  the  force  with  the  orienta- 
tion-may be  made  quite  large.  The  operation  of  the  Robinson,  or 
cup  anemometer,  depends  on  the  fact  that  the  resistance  of  a  hemi- 
spnerical  cup  is  greatest  when  the  concave  side  is  {pointed  to  wind- 
ward, so  that  a  wind  blowing  in  the  plane  of  rotation  of  the  cujis 
always  produces  a  torque,  m  the  so-called  '^ bridled"  form  of  this 
anemometer,  the  torque  is  measured  statically  and  the  instrument  is 
then  merely  a  rather  complicated  form  of  pressure-plate  anemometer. 
In  the  ordinary  form  of  the  instrument,  in  which  the  cufis  are  allowed 
to  revolve  freely,  the  speed  of  the  wind  is  measured  indirectly  by 
observing  the  speed  of  rotation,  the  action  of  the  wind  on  the  cups 
being  then  still  more  complicate. 

From  the  fact  that  the  pressure  recorded  bv  the  Pitot  tube  is 
proportional  to  the  square  of  the  speed,  it  mignt  be  surmised  that 
the  total  force  observed  with  a  pressure-plate  or  other  static  resistance 
anemometer  would  probably  also  be  nearly  proportional  to  the  square 
of  the  speed;  and  this  is  confirmed  by  experiment.  The  analogy 
between  these  anemometers  and  the  Pitot  tube  is  a  very  close  one. 
the  Pitot  tube  being  in  principle  only  a  partictdarly  simple  kind  of 
resistance  anemometer. 

We  have  next  to  speak  somewhat  more  in  detail  of  some  special 
types  of  resistance  anemometer. 

7.  THE  WIND  BESISTANCE  OF  FLAT  PLATES. 

The  resistance  of  a  flat  plate  normal  to  a  wind  of  velocity  8  is 
nearly  proportionfd  to  8^  and  this  relation  is*  sometimes  represented 
by  writmg 

P^KS^  (7) 

in  which  P  is  the  force  per  imit  area  of  the  plate.  The  coefficient  JT 
is  approximately  proportional  to  the  density  of  the  air,  but  it  varies 
with  the  size  and  shape  of  the  plate.  The  independence  of  Pitot  tube 
readings  of  the  size  and  nature  of  the  dynamic  opening  would  lead 
us  to  expect  that  the  pressure  at  the  center  of  the  front  of  the  plate 
would  be  independent  of  the  size  and  shape  of  the  plate,  and  Stanton  V 
experiments  confirm  this  expectation,  ^ut  the  suction  on  the  back 
depends  on  size  as  well  as  speed,  thus  accounting  for  the  variability 
of  Zand  showing  that  P  is  only  a  fictitious  pressure  with  no  physical 
si^iificance. 

We  shall  confine  our  attention  to  square  and  round  j>lates,  for 
which  the  laws  of  the  distribution  of  pressure  are  more  sunple  thaa 
for  very  oblong  rectangles.'  Wlien  ^ving  numerical  values  in 
'^Enghsh  units"  pressure  will  ba  in  pounds  per  square  foot  and  speeds 

1  Loo.  dt..  p.  m, 

i  G.  Finxlttd  N.  BoldatI,  Eogfiieoring,  lOr.  SI,  1905,  p.  187. 
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in  mileB  per  hour,  while  in  '^Metric  iinits^'  pressure  will  be  in  kilo- 
grams  per  square  meter  and  speeds  in  meters  per  second. 

A.  Sqware  pfato.— According  to  Eiffel  *  the  value  of  the  coefficient 
K  of  equation  (7)  in  English  units  varies  from  0.00266  for  plates  4 
indies  square  to  £—0.00326  for  plates  40  inches  square  or  larger. 
The  temperature  and  pressure  of  the  air  diuing  the  tests  are  not 
given.  The  correspondiQg  metric  .values  are  0.066  and  0.08.  Bair- 
stow  and  Booth '  alter  anuyzing  the  available  data  give  <iie  equation 

F- 0.00126  (S  Z)*+ 0.0000007  (S  Z)" 

in  whidi  F  is  the  total  force  in  pounds,  8  is  the  speed  in  feet  per 
second,  and  { is  ih»  length  of  side  m  feet.  The  equation  refers  to  air 
at  760  mm.  and  15^  C.  or  59^  F.  If  5  is  measured  in  miles  per  hour 
the  equation  become? 

F-0.00271W+0.0000022  {Sly 

and  if  put  into  the  form  (7),  for  the  sake  of  comparison  with  Eiffel's 
results,  it  may  be  written 

P-0.00271(l  +0.0008  SZ)5» 

the  coefficient  K  depending  on  both  8  and  h 

B.  Circular  disks. — ^For  a  circular  disk  30  centimeters,  or  11.8 
mches,in  diameter,  Eiffel  gives  the  value  £—0.00276  English,  or 
0.0675  metric.  Stanton '  found  the  values  £»  0.0027  English  (0.066 
metric)  by  using  a  2-inch  ilisk.    On  the  whole,  Eiffel's  results  seem 

5 referable,  because  the  size  of  disk  used  by  him  is  more  nearly  the 
esirable  size  for  an  anemometer. 

As  regards  the  relative  importance  of  the  front  and  back  of  the 
plate,  it  may  be  noted  thiit  in  a  wind  of  10  meters  per  second  or  22.4 
miles  per  hour,  Eiffel  found  that  the  front  of  his  12-inch  disk  accoimted 
for  72  per  cent  of  the  whole  resistance.  Zahm  ^  has  pointed  out  t}iat 
if  a  plate  be  surrounded  bv  a  sufficiently  broad  guard  ring  there  will 
be  no  suction  on  the  bacK,  while  the  pressure  on  the  front  will  be 
miiform  and  the  same  as  indicated  by  a  ritot  tube  at  the  same  speed. 
Table  3  shows  the  force  on  a  i2-inch  disk  for  different  wind  veloci- 
ties, the  total  resultant  force  bein^  calculated  from  Eiffel's  value  of 
£-»  0.00276  English  (0.0675  metric),  and  from  Bairstow  and  Booth's 
formula  for  square  plates,  assuming,  as  some  but  not  all  experimenters 
have  found,  t^at  the  average  pressure  would  be  the  same  for  a  ciroular 
plate  with  a  diameter  equS  to  Z,  as  for  a  squaro  of  side  Z. 


1 0.  BUfel.  Tbe  BcfMnce  of  UkB  Air,  p.  M. 
t  Bmrt.  BritJih  AdyiMry  CommmM  far  AMoomttoi,  miHU,  p.  2L 
>  T.  liTstantaq.  Prooeedimei  Ingt.  C.  X.,  VoL  CLVL 190S-4,  nrtlt.  p.  78. 
<  A.  V.  Zclim,  Xoanul  Itaoldtn  bittltiit^  T«L  ITS,  Jia^ 
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Table  3. — Windforon  in  poundi  on  a  IS-indi  diak. 


Wind  speed  iS 
miles  per  hoar. 

Force  in  pounds 

according  to 

Eiffel. 

Force  in  pounds 
accofdingto 

Booth. 

30 
40 
50 
60 
70 
80 
90 

L94 

3.47 

5.40 

7.80 

ia60 

13.88 

17.55 

L97 

3.50 

5.53 

&00 

ILOl 

14.48 

18.48 

Tablb  3a. — Windf<n^uinlaJU>firom»onaSO<efdin^ 


¥^nd  speed  i9 
tilometen  per 

Force  in  lilo- 

grams  according 

toEiffeL 

Force  in  kilo- 

gnms  according 

toBaintoir 

and  Booth. 

4&3 

64.4 

8a4 

96.5 

112.8 

128.8 

145.0 

a86 
L53 
2.38 
3.44 
4.68 
6.13 
7.75 

a87 
L55 
2.44 
3.53 
4.87 
6.39 
&15 

&  RESISTANCB  OF  SFHEBES  AND  HEMISPHERES. 

Next  to  thin  plates  and  liemisplierical  cups  the  sphere  has  been 
most  frcNquently  employed  in  static  resistance  anemometers  as  the 
obstruction  opposea  to  the  wind.    In  addition  to  the  fact  that  a 

Shere  is  symmetrical  about  all  diameters,  so  that  the  indications 
a  sphere  anemometer  may  be  made  independent  of  changes  in 
wind  oirection,  the  sphere  has  the  further  adyantage  of  simplicity 
of  form  so  that  it  may  readily  be  duplicated.  A  disadvantam  of  tfaie 
sphere,  as  compared  with  thm  plates,  is  the  lower  value  of  the  coeffi- 
cient A  of  equation  (7). 

According  to  W.  H.  Dines,  as  quoted  by  Lanchester,^  K  has  a 
Yalue  of  0.(X)154  English  for  a  sphere  6  inches  in  diameter,  or  0.0378 
metric  for  one  153  millimeters  in  diameter.  IMnes's  tests  were 
made  with  a  velocity  of  21  miles  an  bour  (34  kilometers).    EMel ' 

EVes  fas  0.00045  (0.011  metric)  and  explains  the  difference  between 
s  value  and  that  of  0.00112  (0.0275  metric)  found  at  Gdttingen, 
as  follows:  K  decreases  with  an  increase  of  velocity  imtil  a  oeitain 
critical  velocity  is  reached,  after  which  K  remains  nearlv  constant 
at  0.00045  for  the  three  spheres  experimented  upon.  Tnis  critical 
velocity  was  found  to  be  about  27  miles  an  hour  for  a  6-inch  sphere, 
16  miles  for  a  10-inch  sphere,  and  9  miles  for  a  13-inch  sphere  (12, 

>  F.  W.  LoacliMter,  Aflrodymunfcs,  p.  36. 
s  Ls  Twhiiiqiie  AwooMitiqiie,  1913,  p.  146. 
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7,  and  4  meters  per  second,  respectiyely,  for  the  16|  24,  and  33  centi- 
meter spheres).  The  hign  rahie  of  the  Odttmgen  coefficient  is, 
according  to  Eiffel^  due  to  the  fact  that  velocities  of  over  23  miles 
an  hour  (36  kilometers)  can  not  be  obtained  at  that  laboratory. 
It  will  be  noted  thitt  even  for  a  6-inch  sphere  the  critical  velocity  is 
well  below  the  lowest  flying  speeds  used  in  practice. 

Table  4  showa  vahieB  of  K  for  hemispherical  cups,  according  to 
Bmes. 


Table  4.— Values  of  K  in  equation  (7)  for  hemupherical  cupt. 

' 

Bi^ltth. 

li«trio. 

Enslkb. 

Metric 

EngUih. 

Metric 

•          DianMtarofeDp. 

2}  in. 

Mmm. 

ftln. 

ISTlBlB. 

9ta. 

230mm. 

Cup  fuang  wind 

0.00597 
.00239 

0.146 
.059 

0.00386 
.00168 

0.095 
.041 

0.00402 
.00138 

0.099 

aipwithl)acktowind 

.034 

Since  Dines  used  only  the  one  speed  of  21  miles  an  hour,  there 
18  a  doubt  whether  his  vahies  would  hold  for  higher  speneds.  It  ap- 
pears that  with  a  cup  there  would  be  Uttle  if  anv  reduction  in  diame- 
ter as  compared  witn  a  plate  giving  an  equal  force,  though  the  cup 
would  have  the  advantage  of  greater  strength  for  a  given  force  and 
wei^t.  Ilie  difference  m  the  force  acting  on  the  cup  in  its  two 
positions^  which  is  the  driving  force  of  the  Robinson  anemometer, 
18  clearly  indicated  by  the  table. 

9.  PRACTICAL  FORMS  OF  RESISTANCE  ANEMOBIETER. 

liCaxim  ^  used  a  pressure  plate  anemometer  consisting  of  a  disk 
with  a  spring  resistance.  His  arrangement  had  the  advantage  of 
fairly  uniform  graduations  of  the  scale,  the  spring  acting  indirM^tly, 
with  variable  leverage  on  the  pressure  mate. 

In  the  pressurejplate  anemometer  of  jOines '  the  variable  resistance 
IB  furnished  by  a  float  partly  immersed  in  water,  the  pressure  on  the 
plate  being  equal  to  the  weisht  of  a  volume  of  water  equal  to  that 
of  the  part  of^the  float  raised  above  the  water  level. 

The  1914  catalogue  of  Aera,  Paris^  shows  a^  pressure  plate 
anemometer  which  is  merely  a  speed  indicator.  It  is  supplied  with 
tluree  disks,  so  that  it  may  oe  set  for  anyspeed  between  50  and  75 
miles  an  hour  (80  and  120  Idlometers).  The  pointer  wiU  then  show 
whedier  the  actual  speed  is  above  or  below  tne  normal  Aera  also 
make  an  anemometer  using  a  sphere,  in  the  form  of  a  pendulum. 
This  instrument  reads  onlv  to  45  miles  an  hour  (72  kilometers)  and 
bas  graduations  cominjg  closer  together  at  higher  speeds.  It  would 
be  veryinaccurate  without  some  means  for  holding  it  vertical 

The  Jdavis  LyaU  air  speed  indicator,  made  by  tK>hn  Davis  &  Son, 
of  Derby,  En^and.  is  a  oridled  anemometer  of  the  screw  type  which 
should  De  held  witn  its  back  to  the  wind,  though  the  manufacturers 

t  H.  Il8zim,  Nataral  and  A.rtifldal  Flight,  p.  7a 

t  Quarterly  Jomnal,  Boyal  Meteorological  Societ7»  toL  18, 1^92,  p.  167. 
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do  not  provide  it  with  an  air  vane  to  do  this  automatically.  This 
defect  is  remedied  in  the  Aera  bridled  anemometer.  Concerning  the 
Davis  Lyall  instrument,  it  is  stated: 

To  avoid  undue  oscillation  of  the  pointer  a  damper  is  provided — e>ther  magnetic 
or  air.  Such  a  damper  is  rendered  necesBary  in  measunng  velocities  in  a  natural 
wind  which  varies  within  wide  limits. 

When  it  is. desired  to  investigate  the  gusty  character  of  natural 
winds,  the  sensitiveness  of  a  brimed  anemometer  becomes  an  advan- 
ta^.  Concerning  a  bridled  anemometer  consisting  of  five  hemi- 
spnerical  cups  attached  to  a  vertical  spindle  by  short  arms,  Stanton^ 
says  that  this  instrument  is  more  sensitive  to  momentary  gusts  than 
any  of  the  other  recording  instniments  in  common  use. 

10.  THE  ANEM O-TACHOMETER. 

When  anemometers  of  the  screw  type  are  used  for  high  velocities, 
there  is  danger  that  the  vanes  will  be  deformed  and  the  velocity 
indications  become  unreliable,  and  for  this  reason  cup  anemometers 
are  more  suitable  for  out-door  work.  Wilhehn  MoreU,  of  Leipzig, 
has  placed  on  the  market  an  anemo-tachometer  illustrated  in  the 
Deutsche  Luftfahrer.'  This  is  a  Robinson  anemometer  with  tachom- 
eter attached  for  aeronautical  purposes,  the  tachometer  being  an 
instniment.  usually  actuated  by  centrifi^l  force  like  a  steam  en- 
gine flyball  governor,  so  that  velocities  may  be  read  at  a  glance 
firom  the  position  of  a  pointer.  It  will  be  noted  that  with  a  tachom- 
eter, in  contrast  to  a  revolution  counter,  no  measurement  of  a  time 
interval  is  required.  The  anemo-tachometer  also  has  the  advantage 
of  all  Robinson  anemometers  that  the  wind  vane  may  be  dispensed 
with. 

According  to  a  communication  from  Morell.  his  anemometers  are 
calibrated  m  a  wind  tunnel^  built  in  accoraance  with  designs  of 
Prof.  Prandtl  of  tlie  University  of  Oottingen,  in  which  air  currents 
up  to  78  miles  per  hour  (126  kilometers),  can  be  obtained.  It  is 
stated  that  some  of  these  instruments  have  been  in  constant  use  for 
two  years  without  needing  recalibration. 

The  anemo-tachometer,  as  weU  as  other  anemometers^  should  be 
attached  to  the  aeroplane  in  such  a  manner  that  its  indications  are 
not  influenced  by  the  irregular  and  indeterminate  wash  of  the 
machine  and  propeller.  It  has  been  proposed  to  lengthen  the  dis- 
.  tance  between  the  cups  and  the  casing,  so  as  to  bring  me  cups  above 
the  upper  supporting  plane, '^lulo  keeping  tiie  dial  on  a  level  with 
the  pflot's  line  of  vision.  The  objection  to  this  lengthening  is  that 
it  might  change  the  friction  and  hence  tiie  indications  of  the  instru- 
ment, and  necessitate  a  special  calibration. 

What  appears  at  first  sight  to  be  a  solution  of  the  difficulty,  would 
be  to  provide  the  anemometer  axis  with  a  small  electric  generator. 
.  and  use  the  electric  voltage,  thus  generated  to  indicate  speed  of 
rotation  by  means  of  a  voltmeter.  We  should  anticipate,  however, 
that  electric  indicating  instruments,  as  at  present  constructed, 
would  not  long  retain  their  accuracy  when  exposed  to  the  vibrations 
on  an  aeroplane. 

i  Collocated  ReMarebes,  National  Physical  Laboratory,  VoL  V,  p.  174. 
•  Apr.  2, 1913,  p.  168. 
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11.  THE  BOUSDON-YENTUBI  ANEM OMETBR. 

The  Venturi  tube  consists  of  a  short  converging  inlet  followed  by 
a  long  divei^in^  cone,  the  entrance  and  exit  diameters  being  usually 
equaiso  that  we  tube  may  be  inserted  as  a  section  of  a  pipe  line. 
There  is  generally  a  short  cylindrical  throat.  The  conyeimng  part 
has  somewhat  the  shape  of  a  vena  contracta,  but  its  exact  u>rm  is  of 
little  importance.  The  exit  cone  has  a  total  angle  of  about  5^,  this 
bein^  found  to  give  the  minimum  frictional  loss  for  a  given  increase 
of  diameter. 


When  a  current  of  fluid  passes  through  the  tube,  the  pressure  in 
the  throat  is  less  than  at  entrance  to  the  converging  inlet,  by  an 
amount  which  depends  on  the  ratio  of  entrance  to  tlm>at  area,  the 
density  of  the  fluid,  and  the  speed  of  flow.  If  the  tube  is  provided 
with  side  holes  and  connections  to  a  differential  gauge  by  wnich  this 
pressure  difference  may  be  observed,  it  constitutes  a  Venturi  meter. 
The  area  ratio  is  a  known  constant  for  a  given  tube,  so  that  when  the 
density  of  the  fluid  is  known  the  observrf  pressure  difference  may  be 
used  as  a  measure  of  the  speed  of  flow.  Wnen  the  pressure  difference 
is  expressed  as  the  height  of  a  water  column,  it  is  known  technically 
as  the '  'head  on  Venturi."   , 

Such  an  instrument  may  be  used  as  an  anemometer  by  pointing 
it  so  that  the  wind  blows  directlv  through  it,  and  the  observed  head 
may  then  serve  as  a  measure  of  the  wind  speed.  Bourdon  ^  employed 
the  Venturi  tube  for  this  purpose  in  1881 ,  and  it  has  been  used  recently 
as  an  aeroplane  anemometer. 

At  a  givto  speed,  the  observed  head  increases  with  the  ratio  a  of 
entrance  to  throat  area  and  the  instrument  may  be  made  to  eive  a 
much  larger  head  than  a  Pitot  tube.    This  is  illustrated  b^  the  &ure8 

S'ven  in  Table  5  for  a  tube  in  which  a  »  4.  the  throat  having  haB  the 
ameter  of  the  entrance.  The  data  are  for  air  at  atmospheric  pres- 
sure and  70^  F.  Column  (2)  gives  the  head  which  would  be  observed 
with  a  Pitot  tube;  column  (3)  that  observed  by  Bourdon;  and  column 
(4)  the  ratio  of  (3)  to  (2). 

1  Aiuttlflt  dflB  MiDflfl,  Septmber  tad  OotiAtf,  un;  Complss  R«idi» 
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Tablb  5. — Ccmpariion  qfPitat  and  Venturi  heads  for  a^B-f. 


a) 

(%) 

(«) 

(4) 

(») 

Wind  speed. 

Pltot^abeliead. 

Head  on  Venturi  ae- 
oording  to  Bourdon. 

Col.  8. 
Col.  2. 

TfaeoretioalheMloD 
Venturi. 

MUM 

Ifeun 

Aif.^ 

Mm, 

7m. 

Mm. 

Int. 

Mm. 

how,  . 

Me. 

k 

10 

4.47 

0.05 

1.3 

0.17* 

4 

a4 

0.7 

18 

20 

8.04 

.19 

4.8 

.80 

20 

4.2 

2.9 

74 

30 

ia4i 

.43 

10.9 

2.30 

58 

5.3 

a8 

173 

40 

17.88 

.77 

19.6 

4.0* 

102* 

5.2 

12.3 

312 

60 

22.35 

L20 

30.5 

6.6* 

168* 

6.5 

20.0 

608 

60 

26.82 

1,73 

4a9 

10.0* 

254* 

6.8 

30.0 

762 

70 

31,29 

2.35 

69.7 

15.0* 

381* 

a4 

45.0 

1,143 

80 

36l76 

ao7 

78.0 

20.0* 

608* 

6.6 

63.0 

1.600 

90 

40.23 

a  89 

98.8 

25.0* 

636* 

6.4 

90.0 

2.286 

In  figure  1  the  line  H  G  represents  Bourdon's  observations  and  the 
starred  values  in  column  (3)  of  Table  5  were  read  from  the  dotted 
extension  of  this  curve.  While  this  extrapolation  can  make  no  daim 
to  accuracy,  it  appears  from  column  (4)  of  Table  5  that  a  Venturi 
tube  with  a  2  to  1  diameter  ratio  would  probably  give  at  least  five 
times  as  much  head  as  a  Fitot  tube  at  ordinary  aeroplane  speeds. 

The  curve  F  Eoi  figure  1  and  the  numbers  in  column  (5)  of  Table 
6  were  found  from  equation  (27)  of  Part  2,  which  is  kno¥m  exper- 
imentally to  agree  cloeely  with  the  facts  when  the  Venturi  meter 
is  inserted  in  a  pipe  line  instead  of  being  used  as  an  anemometer  with 
both  ends  free.  iJpon  introducing  the  known  values  of  Jc  and  p  for 
air  at  one  atmosphere  and  70^  F.,  equation  (27)  reduces  to 


S-172< 


miles  per  hour. 


If  the  1720  is  replaced  by  769,  the  result  will  be  in  meters  per  second* 
What  part  of  the  great  discrepancy  between  columns  (3)  and  (5) 
of  Table  5,  or  between  E  F  and  O  H  oi  figure  1,  is  to  be  ascribed  to 
friction  or  other  circumstances  which  make  the  Venturi  tube  act  dif- 
ferently as  an  anemometer  and  as  a  flow  meter,  and  what  part  to 
Bourdon's  experimental  arrangements  and  possible  errors  of  oDserva- 
tion,  can  not  be  decided  without  further  mvestigation;  but  in  anj 
event,  it  is  obvious  that  with  the  Venturi  tube  a  much  larger  head  is 
available  than  with  a  Pitot  tube. 

Since  Bourdon  wanted  an  anemometer  for  very  low  speeds,  he 
increased  the  available  head  still  farther  by  using  two  concentric 
tubes,  the  exit  end  of  the  inner  one  being  at  the  thi'o&t  of  the  outer, 
so  that  the  suction  there  increased  the  speed  through  the  inner  tube 
and  the  fall  of  pressure  at  its  throat.  The  proportions  of  the  tubes 
which  were  adopted  as  giving  the  best  results  were  as  shown  in 
Table  6. 
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Table  6.— Proportiom  of  Bourdon's  double  Vmtvn  ivJbe  anemometer. 


\  Inner  tube. 


Hatio  of  TniniimiTn  to  maximum  diameter: 

(a)  Of  conveijpLDg  cone 

(6)  Of  diveiging  cone 

Doable  angle: 

{aS  Ofconveiging cone 

•(()  Of  divemng  cone 

Relative  throat  diameters 


0.31 
0.46 

34«  15 

3«  46 

1.0 


Outer  tube. 


0.66 
0.60 

21«  88 

4*»  60 

6.2 


Digitized  by 


Google 


94  AEEONAUTICS. 

No  cylindrical  throat  piece  was  used  with  either  tube,  the  converg^- 
inff  andf  diverging  cones  oeing  connected  directly. 

iBourdon  also  used  a  similar  arrangement  of  three  concentric  tubes. 
The  heads  obtained  with  this,  at  various  wind  speeds,  are  shown  on 
figure  1  by  the  curve  D  C  and  by  the  isolated  pomt  A:  The  point  B 
is  from  tests  of  a  3-tube  instrument  by  Bro¥m  Boveri  &  Co.* 

The  proportions  of  single-tube  anemometers  as  used  in  modern 
French  practice  seem  to  be  somewhat  like  those  of  Bourdon's  inner 
tube.  (See  Table  6.)  The  length  \A  tube  in  the  anemometer  made 
by  Aera,  of  Paris,  is  6.3  inches  (160  mm.)  or  nearly  the  same  as  the 
len^  of  the  diverging  cone  of  Bourdon's  mner  tube.  Dorand'  gives, 
without  dimensions,  a  section  of  a  Venturi-tube  anemometer  which 
indicates  a  ratio  of  throat  to  entrance  diameter  of  about  0.2.  The 
proportions  proposed  by  Toussaint  and  Lepdre  *  as  a  result  of  recent 
experiments  are  very  similar  to  those  of  Bourdon's  outer  tube.  (See 
Table  6.) 

12.  BEMABKS  ON  THE  SPECIAL  CONDITIONS  TO  WHICH  AEROPLAN^ 
ANEMOMETERS  ARE  SUBJECT. 

A.  Weight  and  head  resiskmce. — ^These  must  both  be  small — the 
smaller  the  better.  Accordin^y  we  need  not  consider  any  essentially 
heavy  instruments,  sudi  as  mose  which  require  the  use  of  electric 
batteries^  nor  instruments  like  large  pressure  plates  which  offer  a 
head  resistance  of  several  pounds. 

B.  Rohu8tnes8. — ^The  very  severe  conditions  of  vibration  preclude 
the  possibility  of  using  instruments  which  are  not  mechanicallv 
strong  or  which  can  not  oe  made  so  without  too  great  weight.  BotQ 
the  anemometer  head  proper,  and  the  transmittmg  and  indicating 
puts  must  be  simple,  light,  strong,  and  free  from  the  need  of  delicate 
adjustment  or  frequent  testing. 

C.  Pomiikm. — ^The  head  must,  so  far  as  practicable,  be  out  of  reach 
of  irregular  currents  and  eddies  and  ther^ore  at  some  distance  from 
tibie  indicator  or  dial  in  front  of  the  pilot.  The  available  positions 
are  (a)  in  front  of  the  center  of  the  machine,  ((}  well  above  tne  upper 
planes  over  the  pilot's  head,  (e)  near  one  wing  tip.  Position  (a) 
might  be  practicable  and  satisfactory  in  some  cases  but  there  is  a 
possibility,  unless  the  head  were  very  far  in  front,  that  the  readings 
might  not  be  the  same,  at  a  given  speed,  during  normal  flight  as  when 
planing  with  the  motor  stopped.  We  have  no  information  on  this 
point.  The  influence  of  the  body  extends  some  distance  ahead,  a 
fact  which  should  not  be  overlooked.^  Position  (h)  would  often 
require  the  construction  of  a  special  support,  increasing  the  weight 
and  head  resistance.  Position  (c)  seems  the  natural  one  to  adopt  if 
a  transmission  of  the  requisite  length  can  be  made  satisfactory;  but 
here  again  it  should  be  noted  that  the  disturbance  due  to  a  strut  or 
wing  begins  some  distance  ahead  of  the  leading  edge.' 

D.  Orientation. — While  most  anemometers  have  to^  be  pointed 
directly  into  the  wind  if  they  are  to  indicate  its  residtant  velocity, 

1  ZeftKhr.  d.  Ver.  DeatKber  Ingooleiire,  1907,  p.  1848. 

*  E.  DqcbimL  La  Teehnique  AaroDaatiqae,  Nov.  1,  IQU,  p.  283. 
i  Rep.  Brtt.  Ady.  Com.  for  Aeranaatte,  1612-13,  p.  896. 

*  See.  for  example,  the  resnlts  d  experiments  an  the  ICarlenfBlde-ZasMii  hlg^-OMed  electric  rail w&y,  The 
EleotrfclMi.  JaneT7!l9D4. 

*  BeeBTF. Relf, Bep.  Brit.  Ady. Com.  for  AenoBOties,  1913-13, p.  138. 
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what  is  needed  in  aviation  is  primarily  the  relatiye  wind  speed  along  a 
direction  fixed  mih  regard  to  the  axis  of  the  machine.  The  nnde- 
Birable  complication  of  mounting  the  anemometer  head  on  a  wind 
vane  is  therefore  unnecessary  and  the  head  may  be  fixed.  If  informa* 
tion  is  required  about  motion  perpendiciilar  to  this  direction,  it  may 
bejeot  from  a  wind  vane. 

£.  Independence  of  fpnmty. — On  account  of  the  very  considerable 
angles  of  heeUng  ana  pitching,  it  seems  useless  to  consiaer  any  instru- 
ment which  depends  for  its  actidh  on  weights  or  liquid  manometers. 
Any  required  forces  must  be  applied  by  sprines;  or  S  pressures  are  to 
be  registered,  it  must  be  by  sprmg  eauges.  Furthermore,  aU  parts  of 
the  instrument  must  be  8o1[>aIancea  that  the  readings  are  not  affected 
at  an  by  gravity.  This  remark  applies  to  the  toansmission  and  the 
indicator  as  well  as  to  the  head. 

F.  Vertical  acederation  and  cenJtrifagal  force. — ^Vertical  acceleration 
acts  merely  as  a  change  of  the  intensi^  of  ^vity.  It  will,  therefore, 
have  no  effect  on  an  instrument  which  is  properly  constructed  in 
accordance  with  E,  above. 

Gentrifugal  force  must  be  allowed  for  in  a  similar  way  by  careful 
balancing  of  all  movable  parts  so  that  the  lateral  acceleration  of  the 
whole  machine  durinjg  curved  flight  shall  not  influence  the  readings. 
This  balancing  in  the  transmission  is  equally  necessary,  whether 
forces  are  transmitted  by  rods  or  wires  or  pressures  by  fluidi9  in  tubes.' 

la.  DENSm  GORRECnONa 

Before  considering  the  effects  of  changes  of  air  density  on  the 
indications  of  particular  types  of  anemometer  it  wiU  be  weU  to  see 
how  mat  these  variations  are  likely  to  be  under  working  conditions. 
For  uiis  purpose  we  consult  equation  (6)  of  section  4,  viz, 


g-0.376Pg  .. 


in  which 


p»  the  density  of  the  air  in  pounds  per  cubic  foot. 
B«the  barometric  pressure  m  inches  of  mercury. 

i^the  temperature  of  the  air  in  degrees  Fahrenheit. 
P"  the  pressure  of  saturated  steam  at  t^  in  inches  of  mercury. 
H  » the  relative  hiunidity  (ff  » 1 .0  for  saturated  air) . 

The  ranges  we  shall  assume  are:  £»-30  to  20  inches,  corresponding 
tea  rise  from  sea  level  to  about  10,000  feet  altitude;  i-O^  to  00^ 
F.j^»0.0  to  1.0,  i.  e.,  from  complete  dmiess  to  saturation. 

We  may  first  consiaer  the  term  0.37o  PH.  Taking  P  from  the 
steam  tabiCB  we  have 

at  <-50^  70^  90^ 

0.376  P-0.136        0.278        0.633 

0.376  P  X  0.6  -  0.068        0.139        0.267 


>  For  a  dteoflsloo  of  the  elieet  of  vertleal  aooeleffaiion  and  oentrUttgBl  foroe  on  liquid  maoomotan  tba 
-'~  nay  bo  xefBRod  to  an  aitide  by  H.  Darwin,  Aaroaaatfcal  Jomnal,  July,  1913,  p.  170. 
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If  we  assume  a  constant  relative  humidity  H^O.5,  while  in  fact 
the  humidity  varies  aU  the  way  from  0.0  to  1.0,  the  maximum  error 
we  can  make  in  the  value  of  0.376  PH  is  0.376  PxO.5,  of  which  the 
values  at  60**,  70**,  and  90**  are  shown  above.  To  find  the  percentage 
error  which  this  assumption  can  introduce  into  the  computed  value 
of  p,  we  must  compare  these  errors  with  the  value  of  B.  The  follow- 
ing^ table  shows  the  maximum  per  cent,  errors  in  p  at  50^,  70**,  and 
90^  F.  and  at  20  and  30  inches  pressure  which  can  be  caused  by 
assuming  J7»  0.5. 


£»  20  inches 
£»  30  inches 


<=°50** 
0.34% 
0.23% 


^70° 
0.70% 
0.46% 


1.33% 
0.89% 


Sin^ie  a  temperature  of  90**  F.  will  seldom  or  never  prevail  at  an 
altitude  where  the  pressure  is  as  low  as  20  inches,  we  may  regard  1 
per  cent,  as  about  the  maximum  possible  error,  and  in  the  vast 
majority  of  cases  the  actual  error  will  be  less  than  0.5  per  cent. 
Now  with  the  anemometers  we  need  to  consider,  a  given  peroenta£;e 
error  in  the  density  causes  only  about  half  as  much  error  in  the 
speed  S;  and  furthermore,  an  accuracy  of  1  per  cent,  in  measuring 
the  speed  of  an  aeroplane  may  be  regarded  as  satisfactory.  Hence 
the  assumption  of  a  constant  relative  humidity  of  50  per  cent. 
(^^=0.5)  IS  quite  approximate  enough  for  our  purpose,  and  we 
adopt  this  assumption  and  thereby  simplify  equation  (6)  to  the  form 


p=  1.327 


B-0A9P 
460  +  < 


pounds  per  cubic  foot. 


(8) 


From  ea nation  (8)  we  may  now  compute  a  table  of  approximate 
values  of  tne  air  density  at  various  values  of  thfe  barometnc  pressure 
B  and  the  temperature  t.  It  will  be  convenient  to  have  the  values 
expressed,  not  in  pounds  per  cubic  foot,  but  in  terms  of  a  standard  air 
density,  and  for  this  the  value  —0.07455  has  been  chosen.  This  is 
the  density  at  B«  29.92  inches,  ^  =  70**  F.,  and  5=0.6,  conditions 
which  are  a  fair  average  representation  of  those  which  are  likelv  to 
prevail  during  anemometer  tests.    The  values  are  shown  in  Table  7. 

Table  7.—RelaHve  dentUjf  D  of  air  at  B  inches  preuwre^  t^  F.,  and  60  per.  cent  relative 
humidity t  re/erred  to  avr  at  t9.9t  inches  pressure,  70^  F,,  and  60  per  cent,  relative 
humiditif. 


B^ 

20^' 

22^^ 

24'^ 

26^^ 

28^' 

30^' 

(»0«  F.... 

0.773 

0.851 

0.928 

1.006 

1.083 

1.160 

10*> 

.757 

.833 

.908 

.984 

1.060 

1.135 

20* 

.741 

.816 

.889 

.963 

1.037 

1.112 

30* 

.725 

.798 

.871 

.943 

1.016 

1.088 

40* 

.710 

.781 

.853 

.924 

.995 

1.066 

50* 

.696 

.766 

.835 

.905 

.975 

1.045 

60* 

.681 

.750 

.818 

.887 

.955 

1.023 

70* 

.667 

.734 

.801 

.868 

.935    • 

1.003 

80* 

.653 

.719 

.785 

.850 

.916 

.982 

90* 

.639 

.703 

.768 

.833 

.897 

.962 
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We  have  next  to  oonsidfir  how  these  raiiatioiis  of  density  may 
affect  the  readh^  of  an  anemometer  which  has  been  tested  imder, 
standard  conditions. 

A.  The  PHot  tube. — ^The  Pitot  tube  f  onnula  may  be  written 


5— constx 
or  for  a  standard  density  p^ 


V^ 


(9) 


At  any  otlier  density,  /t^Dp,,  we  hare 

If  the  tube  has  been  standardiased  at  the  density  p^  and  the  constant 
A^  determined,  or  if  the  ^age  has  been  provided  with  a  speed  scale 
or  a  table  for  converting  its  readings  at  the  standard  densitv  p^  ii^to 
speeds,  the  true  speed  at  any  other  density  p  is  found  by  multiplying 

the  indicated  speed  by  -j^.    Values  of  -j^  computed  from  Table 

7  are  given  in  Table  8. 

Table  8. — Valiue$  ofys^/or  u§e  in  eqhuOion  (9). 


Barometric  height  B  in  inches  of  mercury. 

t^¥. 

20^' 

22^^ 

24// 

26^^ 

28^/ 

30^^ 

0 

1.137 
L149 
1,162 
L174 
L187 
1.199 
1.212 
1.225 
1,238 
1.251 

1.084 
1.096 
1.108 
1.119 
1.131 
L143 
L155 
L167 
1,180 
1.193 

1.038 
L049 
L061 
1.072 
1.083 
1.094 
1.106 
1.117 
1.129 
L141 

0.979 
LOOS 
L019 
1.030 
1.040 
1.051 
1.062 
LOTS 
L084 
L096 

0.961 

.971 

.982 

.992 

L003 

LOIS 

L028 

L034 

L045 

L056 

0.928 

10 

.938 

20 

•  948 

ao 

.958 

40 

.968 

50 

.978 

60 

.989 

70 

.999 

SO 

1.009 

90 

1.020 

If  the  purpose  of  reading  the  anemometer  is  not,  primarily,  to 
ascertain  the  speed,  but  to  jud^e  of  the  wind  pressures  on  the  machine 
which  determine  the  lift  and  the  stresses,  tiien  the  density  correction 
should  not  be  applied.  For  at  any  given  angle  of  attack,  the  wind 
forces  are  verj  nearly  proportional  to  the  Pitot  pressure;  when  the 
gauge  shows  a  given  readm^,  the  wind  forces  are  always  the  same; 
and  fix>m  the  standpoint  oi  sustaining  power  and  strength  it  is 
immaterial  how  the  forces  arise.  Hence  from  the  poiat  of  view  of 
the  aviator  who  is  concerned  with  the  safety  of  his  machine,  the 

25802*— S.  Doc.  268.  e4r-l 7 


Digitized  by 


Google 


98  AERONAUTICS. 

speed  readings  of  the  Pitot-tube  anemometer  correct  themselves 
automatically — ^if  the  machine  flies  safely  at  a  ^ven  speed  and  in 
air  of  a  given  density,  it  will  be  equally  safe  in  air  of  any  other  dea- 
sitj,  re^xdless  of  pressure,  temperature,  and  humidity  if  the  Pitot- 
tube  gauge  gives  the  same^readrng. 

B.  JPressure-plate  anemometers. — ^It  would  naturally  be  supposed 
that  the  readings  of  pressure  plate  anemometers  would  be  affected 
by  variations  olair  density  in  the  same  way  as  those  of  Pitot  tubes, 
llie  theory  of  the  subject,  however,  is  not  entirely  clear,  and  it  is 
difficult  to  interpret  some  of  the  experimental  results  which  have 
been  obtained.^  In  the  absence  of  further  investigation  it  would 
seem  safest  to  make  the  density  correction,  when  necessary,  exactly 
as  is  done  for  the  Pitot  tube.  If  the  readings  are  taken  only  for  the 
sake  of  estimating  the  wind  forces  on  the  machine,  the  density  cor- 
rection is  to  be  omitted,  just  as  with  the  Pitot  tube. 

C.  The  BourdovrVerUuri  anemometer. — If  the  results  of  Bourdon's 
experiments  agreed  closely  with  computations  from  the  theoretical 
equation  of  the  Venturi  meter,  we  should  feel  justified  in  using  that 
equation  to  compute  densitv  corrections  to  be  appUed  to  the  read- 
ings of  an  instrument  which  nad  been  tested  at  a  standard  air  density. 
But  the  discrepancies  shown  by  curves  GH  and  EF  of  figure  1  are 
so  lai^e  that  we  can  not  trust  the  theoretical  equation  at  all  for  a 
Venturi  tube  used  as  an  anemometer.  It  appears  that  further 
experimental  investigations  of  this  instrument  are  needed. 

D.  Rotary  anemometers. — ^Regarding  rotary  anemometers,  Jones 
and  Booth  ^  say: 

The  principal  advantage  jMseseBsed  by  instruments  of  this  type  is  that  they  read  the 
actual  travel  through  the  air  independently  of  variations  in  density. 

It  seems  likely,  however,  that  this  independence  is  only  approxi- 
mate and  not  comnlete.  The  ratio  of  cup  or  vane  speed  to  wind 
speed  depends  on  tne  value  of  the  least  wmd  speed  wnich  will  just 
keep  the  anemometer  turning  against  friction.  And  since  each  vane 
or  cup  when  moving  very  slowly  acts  as  a  pressure  plate,  it  seems 
that  the  wind  speed  required  in  order  to  furnish  the  torque  for  very 
low  speeds  of  rotation  must  depend  on  the  air  density.  Hence  it 
seems  probable  that  at  higher  speeds  the  action  of  instruments  of  the 
Robinson  or  of  the  screw  tjrpe  is  somewhat  influenced  by  air  density. 
Exact  information  on  this  is  lacking. 

14.  COMPARISON  OF  TYPES  OF  ANEMOMETER. 

Anemometers  in  general  might  be  compared  from  various  points 
of  view;  but  since  our  purpose  is  strictly  practical,  we  shall  at  once 
exclude  from  the  discussion  anv  instrument  which  can  not  be  made 
satisfactory  on  the  score  of  (a;  robustness  combined  with  lightness/ 
(&)  independence  of  cavity,  and  (c)  flexibility  of  transmission,  per- 
mitting the  head  to  be  placed  at  a  distance  from  the  indicator  in 
front  of  the  pilot's  seat.  There  seem  then  to  remain  for  discussion 
the  Pitot  tube,  the  pressure  plate,  the  Venturi  tube,  and  the  Robinson 
anemometer. 

A.  The  Pitot  tube. — ^This  has  been  the  most  studied,  and  we  can 
speak  of  it  with  more  certainty  than  of  the  others.    The  head  is 

I  See  Rayleigh,  Rep.  Brit.  Adv.  Com.  for  Aeronaatics,  l$)10-n,  p.  26. 
*  Aeronautical  Journal,  July,  1913,  p.  192. 
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simple  and  may  be  placed  in  any  position;  and  the  transmission  of 
1^6  prassm'e  tnron^n  tubes  presents  no  obyioiis  difficulties.  The 
prime  defect  of  the  mstrument  is  the  smallness  of  the  pressure  avail- 
able for  actuating  the  indicator.  While  sensitive  liqmd  gauges  may 
be  used  under  some  circumstances,  anything  but  a  spring  gau^e  seems 
out  of  the  question  for  all-round  use.  The  problem  with  the  Fitot 
tube  is  to  make  a  satisfactory  spring  gauge  which  shall  at  the  same 
time  be  sufficienti^  sensitive  and  so  robust  as  to  be  reliable.  The 
problem  looks  difficult,  but  may  not  be  insoluble. 

B.  The  pressure  plaie. — ^By  an  increase  of  size,  the  pressure  plate 
may  be  made  to  eive  as  lar^  a  force  as  is  desired,  the  limit  being  set 
by  the  amount  of  head  resistance  which  it  is  considered  penioissible 
to  devote  to  an  anemometer.  Transmission  by  wires  under  tension 
mi^t  be  practicable  but  would  be  liable  to  j^et  out  of  order  and  to  be 
senonsly  disturbed  by  vibration.  Transmission  by  means  of  liquid 
pressure  might  be  managed  but  would  introduce  complications,  and 
the  development  of  the  instrument  in  this  form  would  demand  a 
great  deal  of  erperimentation.  In  spite  of  its  attractiveness  and 
apparent  simplicity  at  first  sight,  the  pressure  plate  does  not,  on  the 
whole,  seem  very  promising  as  a  practical  aeroplane  instrument. 

C.  The  BcmrcUynrVerUuri  anemometer.— The  Venturi  tube  furnishes 
a  pressure  difference  and  the  transmission  problem  is  simple,  as  it  is 
wilh  the  Pitot  tube.  But  the  pressure  difference  may  be  made  so 
laige  that  the  problem  of  making  a  satisfactory  spring  gauge  is  vastly 
simple  than  with  the  Pitot  tube,  and  should,  not  present  any  insu- 
perable difficulties.  A  more  important  doubt  arises  in  cojmection 
with  the  density  correction.  Smce  it  is  impracticable  to  test  an 
anemometer  at  low^aur  densities  by  the  ordinary  methods,  and  since 
Bourdon's  results  differed  greatly  from  what  might  have  been  ex- 

•  pected  on  theoretical  grounds,  tne  instrument  should  be  used  with 
caution,  if  high  altitude  ffights  are  in  question,  until  we  know  more 
about  its  practical  behavior.  On  the  other  hand,  it  appears  to  be 
satisfactory  at  ordinary  air  densities,*  and  it  seems  to  be  an  instru- 
ment of  great  promise  and  one  of  which  the  practical  development 
should  be  pushed  along. 

D.  I%e  Robinson  anemometer.— The  weak  point  of  the  Robinson 
anemometer  is  lack  of  flexibility  in  the  transmission.  In  the  form 
of  Morell's  anemo-tachometer  it  mdicates  speed  through  the  air  nearly 
independently  of  the  air  density. .  But  smce  the  main  purpose  of 
knowing  this  speed  is  for  finding-  the  total  distance  travelra,  it  would 
seem  as  if  the  ordinary  method  of  restoring  the  total  number  of 
turns  would,  in  practice,  be  more  useful  than  the  attachment  of  a 
tachoineter  to  give  instantaneous  speeds. 

Having  now  discussed  some  of  the  mechanical  characteristics  of 
the  four  types  of  instrument  we  may  take  another  standpoint  and, 
assuming  that  a  mechanically  satisfactory  instrument  of  each  type 
can  be  constructed,  ask  whether  one  presents  any  advantages  over 
another.  The  answer  to  this  question  depends  on  why  we  want  to 
know  the  speed. 

If  what  is  wanted  is  to  estimate  the  distance  traveled  through  the 
air,  some  form  of  Robinson  anemometer  seems  to  be  the  thing  to  use, 
because  it  is  independent  of  air  density,  to  a  first  approximation,  at 

>  See  Eiffel,  The  Resistance  of  the  Air,  p.  234. 
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all  events.  The  other  three  t^es  of  instrument  will  all  require  to 
have  a  density  correction  appheid  to  their  readings^  if  the  air  density 
is  far  d]£Ferent  from  that  during  standardization,  and  they  are  thus 
at  a  disadvantage. 

But  it  appears  that  the  speed  throu^  the  air  is,  in  general,  not 
itself  the  important  quantity  sought;  for  at  best  it  does  not  tell  us 
the  speed  over  the  ground  until  it  is  compounded  with  the  speed  of 
the  wind  which  may  happen  to  be  blowing.  A  more  important  use 
of  the  anemometer  is  not  properly  as  a  sj^edometer  but  as  a  dyna^ 
mometer,  i.  e.,  as  an  instrument  tor  indicating  the  air  forces  on  the 
machine.  For  this  purpose,  any  instrument  such  as  the  anemo- 
J;achometer  which  ^ves  the  speed  without  reference  to  the  density 
wiU  require  a  density  correction  to  its  readings,  whereas  the  Pitot 
tube  gives  just  what  is  wanted,  the  allowance  for  density  being 
alrea^  present  in  its  uncorrected  readinjgs,  so  that  eoual  readings 
mean  eaual  pressures,  whatever  the  density  may  be.  Thepressure 
plate  fells  in  the  same  class  as  the  IHtot  tube.  Of  the  Bourdon- 
Venturi  anemometer  we  can  say  verv  little  until  the  instrument  has 
been  further  studied,  but  it  seems  likely  that  it  also  will  act  rather 
as  a  dynamometer  than  as  a  speedometer,  if  its  readings  are  not  cor- 
rected for  variations  of  air  density. 

Still  another  question  which  may  be  asked  Uy  What  sort  of  mean 
speed  does  a  given  anem6meter  indicate  when  exposed  to.  a  gusty 
wind?  In  regard  to  this  question,  the  four  types  imder  considera- 
tion fall  into  the  same  souping  as  before.  Witn  the  Pitot  tube,  the 
{pressure  plate,  or  the  ventun  tube^  the  pressure  difference  or  the 
orce  depends  on  the  square  of  the  wind  speedy  and  the  mean  reading 
of  any  oi  these  instruments  in  a  wind  of  varying  speed  will  therefore 
give  not  the  arithmetical  mean  speed  but  the  root-mean-square  speed, 
which  is  what  determines  the  mean  wind  forces  on  the  aeropUne.^ 
The  anemo-tachometer,  on  the  other  hand,  wiU  probably  indicate 
something  between  the  arithmetical  mean  and  the  root^mean-square 
speed,  n  it  had  no  inertia  it  might  be  made  to  indicate  the  arith- 
metical mean,  but  the  effects  of  mertia  in  causing  lag  or  lead  will 
probably  make  the  mean  reading  of  the  instrument  m  a  wind  of 
variable  strength  somewhat  higher  than  it  would  be  in  the  absence 
of  inertia.  The  fact  that  this  might  result  in  a  slight  overestimate 
of  the  total  travel  will  hardly  be  of  any  moment^  in  view  of  the  impos- 
sibility, for  the  aviator,  df  measuring  and  allowing  for  the  true  veloc- 
ity of  the  wind  with  respeot  to  the  earth's  surface. 
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PART  2. 


THE  THEORY  OF  THE  FITOT  AND  VENTUBI  TUBES. 

By  £.  BVOMSHQUAM. 


h  THE  ENERGY  EQUATION  FOR  STEADY  ADIABATIC  FLOW  OF  A  FLUID. 

Let  a  fluid  be  flowing  steadily  alon^  a  channel  with  impervious  and 
nonconducting  walby  from  a  section  ^  to  a  section  A^^  the  areas  of  the 
sections  perp^ulicular  to  the  direction  of  flow  being  also  denoted  by 
A  and  A^.  3j  sayisj^  that  the  flow  is  "steady"  we  do  not  mean  that 
it  occurs  in  stream  Imes  and  without  turbulence.  We  mean  merely 
that  it  IS  "sensibly''  steady;  i.  e.,  that  such  variations  of  speed, 
direction  of  motion,  pressure,  etc.,  as  may  occur  at  any  point  in  the 
Btream  as  a  result  oi  turbulence  are  so  rapid  that  our  measuring  instru- 
ments do  not  respond  to  them,  but  indicate  01117  time  averages;  and 
that  these  time  averaged  are  constant  at  any  fined  point  within  the 
channeL  Values  of  a  property  of  the  fluid,  or  of  any  other  quantity 
^Buch  as  speed,  "at  a  point,"  are  therefore  to  be  understood  as  time 
averages  over  a  tune  which  is  long  compared  wiUi  the  speed  of  varia- 
tion (H  the  quantity  to  be  measured,  tnough  it  may  appear  short  in 
the  ordinary  sense. 

^Let  9,  p,  V,  €,  7,  respectively,  be  the  absolute  temperaturo, 
static  pressure,^  specific  volume^  internal  energy  per  unit 
mass,  and  kinetic  energy  per  unit  mass,  at  the  entrance  sec- 
tion A.  By  the  ' '  static  pressure  "  is  meant  the  pressure  which  would 
be  indicated  by  a  gauge  moving  with  the  current.  Let  OtiPu  ^u  <ii 
T,  be  the  correspondiii^  quantities  at  the  exit  section  A .  Both  sets 
of  values  are  tooe  understood  as  averages  over  the  whole  section,  as 
well  as  time  averages  in  the  sense  explained  above.*  The  two  sec- 
tions ^all  be  at  the  same  level^  so  diat  the  passage  of  fluid  from  A 
to  A^  does  not  involve  any  gravitational  work. 

As  a  unit  mass  of  fluid  crosses  A,  the  work  pv  is  done  on  it  by  the 
fluid  following;  and  as  it  crosses  A^  it  does  the  work  i^^t;,^  on  the  fluid 
ahead.  Since  the  walls  of  the  channel  are  nonconductmg,  no  heat 
entas  or  leaves  the  fluid  between  A  and  A^ ;  hence  the  total  energy, 
internal  plus  kinetic,  increases  (or  decreases)  by  an  amount  equalto 
the  work  done  on  (or  by)  the  fluid,  and  we  have 

PV-p,V^^(€,  +  T,)'-{€  +  T) 

OT  (1) 

T^T,^(€,+p,v,)^(e+pv) 
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So  far  no  aasumptions  have  been  made  and  e<juation  (1)  is  rigorously 
correct  for  adiaoatic  flow  between  two  sections  at  the  same  leveL 
Internal  heating  by  skin  friction  or  the  dissipation  of  eddies  is  merely 
a  conversion  of  energy  from  one  form  into  another  and  not  an  addi- 
tion of  energy;  hence  it  does  not  aflfect  the  validity  of  equation  (1) 
and  need  not  appear  in  it. 

2.  INTRODUCTION  OF  THE  MEAN  SPEED  INTO  THE  ENERGY  EQUATION. 

^  Let  Q  be  the  volume  of  fluid  which  crosses  the  section  A  per  unit 
time,  and  let  5 = Q  -5-  A;  then  S  is  the  arithmetical  mean,  over  the  sec- 
.tion,  of  the  component  velocity  normal  to  A  and  along  the  channel. 
Let  Qi  and  Si  be  the  corresponding  values  at  A^.  Measuring  kinetic 
energy,  as  well  as  work  and  internal  energy,  in  normal  mass-length- 
time  units,  we  then  set 

r-r,=i(s^-5,»)  (2) 

and  proceed  to  substitute  this  expression  for  (T— rj  in  equation  (1). 

This  substitution  is  indispensable  to  further  prc^ess,  but  it  involves 
an  assumption  which  destroys  the  rigor  of  all  further  deductions. 
The  deductions  are,  nevertheless,  very  approximately  confirmed  by  * 
experiment,  and  it  is  therefore  worth  while  to  examme  the  assump- 
tion. 

If  there  were  no  turbulence  and  if  the  speed  were  uniform  over 
each  section,  we  should  have  the  two  separate  equations 

(3) 

and  equation  (2)  would  be  exact.  If  there  is  no  turbulence  but  the 
speed  of  flow  is  nonuniform,  approaching  zero  at  the  walls,  as  it  must 
where  the  channel  has  material  walb,  eouations  (3)  will  not  be  satis- 
fied, but  we  shall  have  T>i8*  and  T^>iSi^,  because  the  mean 
square  speed,  which  determines  the  kinetic  eaea^y  is  always  greater 
than  the  arithmetical  mean  speed  S  when  tiie  aistribution  over  the 
section  is  not  uniform.  With  a  round  pipe  and  nonturbulent  flow 
r=§iS»msteadof  4iS». 

In  nearly  all  practical  cases  the  flow  of  fluids  is  turbulent  and  the 
relation  of  the  whole  kiaetic  energy,  including  that  of  the  turbulence, 
to  the  arithmetical  mean  normal  component  of  the  speed  at  the  given 
section  will  depend  on  the  amount  of  turbulence.  It  is  impossible 
to  say  what  the  relation  will  be  further  than  that  the  kinetic  enerey 
of  eddies  and  cross  currents  tends  to  increase  the  error  which  woiud 
be  involved  in  assuming  equations  (3).  while,  on  the  other  hand,  the 
fact  that  with  increasing  turbulence  tne  speed  becomes  more  nearly 
uniform  over  a  cross  section  tends  to  decrease  the  difference  between 
the  mean  sguare  and  the  arithmetical  mean  of  the  component  normal 
to  any  section. 
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The  assumption  inyolyed  in  usin^  equation  (2)  is  not,  however,  so 
Tiolent  as  tnat  which  would  be  inyolved  in  using  equations  (3) 
separately.     For  equations  (3)  are  equivalent  to 

whereas  equation  (2)  is  satisfied  if        * 

r-ifif'-r.-is.'  (4) 

no  matter  what  the  value  is.  Equation  (4)  and  its  equivalent  (2) 
are  satisfied  if  the  error  in  assuming  equations  (Z)  to  hold  is  the 
same  at  both  sections  without  vaniahmg  or  even  being  small.  This 
will  occur  if  the  kinetic  emer^  of  turbulence  is  the  same  at  both 
sections  and  if  also  the  speed  distributions  over  the  two  sections  are 
such  that  the  arithmetic^  mean  normal  speed  is  the  same  fraction 
of  the  mean-square  normal  speed  at  both.  While  therefore  it  is 
evident  that  the  use  of  equations  (3)  separately  might  lead  to  con- 
clusions at  variance  with  facts,  equation  (2)  may  nevertheless  be 
neariy  fulfilled  in  practice.  The  agreement  with  observation  of 
deductions  from  equations  (2)  and  (1)  shows  that  in  many  ordinary 
cases  the  error  committed  by  treating  equation  (2)  as  exact  is  in 
reality  quite  insignificant. 
For  geometric^y  similar  channels,  the  percentage  error  of  equation 

7^  Of 

(2)  depends  only  on  — ,  in  which  p  is  the  kmematic  viscosity  of  the 

fluid  and  D  a  linear  dimension  of  the  channel.  With  a  given  fluid  m 
a  given  channel  increasing  8  increases  the  turbulence,  but  it  is 

not  evident  how  this  will  affect  the  percentage  error,  — g^ — ,  if 

at  all.    Hence,  it  seems  possible  that  although  turbulence  increases 

Tier 

with  — ,   the    percentage   error   in    assuming   equation    (2)    may 

not  increase  but  remain  constant  or  even  decrease.    On  the  other 

DS 
hand,  at  a  given  speed  S/ii  —  is  increased  by  increasing  D  or  dimin- 

27—5* 
iahing  r,  the  turbulence  and  the  value  of  — 05 —  wiU  be  increased 

and  there  will  be  a  greater  chance  that  equation  (2)  may  be  sensibly 
in  error.  At  a  given  mean  axial  speed  o  we  must  therefore  be  pre- 
pared to  find  greater  discrepancies  between  experiment  and  result^ 
deduced  from  enquation  (2)  for  large  diannels  and  fluids  of  low 
kmematic  viscosity  than  for  the  opposite  conditions. 

We  shall  now  proceed  as  if  equation  (2)  were  rigorously  exact,  and 
by  combining  it  with  equation  \l)  we  obtain 

J(S»-S,*)  -  (€,  +PA)  -  (€ +2W)  (6) 

an  equation  which  serves  as  the  point  of  departure  for  the  theory  of 
the  ritot  tube,  the  Ventiui  meter,  the  steam-turbine  nozzle,  and 
various  other  devices  in  which  a  stream  of  fluid  is  retarded  or  accele- 
rated adiabatically. 


Digitized  by 


Google 


104  AEROKAUTICS. 

8.  ISENTROnC  FLOW  OF  AN  IDEAL  GAS. 

If  the  ph^ical  properties  of  the  fluid  have  been  sufficiently  inyes- 
ti^ated  and  if  a  simcient  number  of  quantities  are  measured  at  each 
oi  the  two  sections,  the  value  of  (c+jw)  may  be  computed  for  each 
section  and  the  value  of  {8^—Si*)  found  from  equation  (5),  to  the 
degree  of  approximation  pemtitted  by  the  assumptions  which  have 
been  discussed  above.  A  process  somewhat  of  tius  nature  is  pur- 
sued in  the  design  of  steam-turbine  nozzles,  (e-hpv)  being  then  the 
quantity  known  as  the  total  heat  of  steam. 

But  when  the  fluid  is  a  gas,  it  is  usual  to  proceed  with  deductions 
from  equation  (5)  by  the  aid  of  two  furtner  assumptions  whic^ 
enable  us  to  compute  variations  of  c  and  v  from  observations  of  p 
alone.  The  first  of  these  assumptions  is  that  the  fluid  behaves  sen- 
sibly as  an  ideal  gas  defined  by  the  equations 

pv-^RB  (6) 

€  =  ^0-^- 0,(0-6,)  (7) 

in  which  G,  is  the  specific  heat  at  constant  volume,  and  ^  is  the 
internal  energy  at  the  standard  temperature  $o.  The  properties  of 
ordinary  gases,  such  as  air,  carbon  dioxide,  or  coal  gas,  when  far 
from  condensation,  are  nearly  in  conformity  with  eauations  (6)  and 
(7),  and  for  such  fluids  no  serious  error  is  involvea  in  makmg  the 
assumption  mentioned,  unless  very  great  variations  of  pressure  and 
temperature  are  under  consideration.  Equations  (6)  and  (7)  imply 
also  the  relation 

Cp^C,+R  (8) 

in  which  Cp  is  the  specific  heat  at  constant  pressure. 

The  second  assumption  is  that  during  the  simultaneous  changes  of 
pressure  and  temperature  in  passing  from  A  to  A^  the  familiar  isen- 
tropic  relation  for  an  ideal  gas,  viz, 


-i^r 


remains  satisfiedi  Jc  re{>resenting  Gp/Cp.  This  assumption  is.  of 
course,  not  exact,  for  while  we  have  stipulated  that  the  flow  shall  be 
adiabaticy  the  internal  heating,  due  to  viscosity  causes  an  increase 
of  entropy.  The  assumption  amounts,  therefore,  to  oiMiiTnmg  that 
this  irreversible  internal  neating  is  not  enough  to  cause  any  sensible 
increase  of  the  temperature  at  A^  over  what  it  would  be  if  there 
were  no  internal  heating  at  all. 

The  foregoing  assumptions  enable  Us  to  put  equation  (5)  into  a 
mote  available  form.  By  substituting  from  (6)  and  (7)  into  (5), 
and  using  (8),  we  have 

^{S^-s^)^Gp(e,-e)  (10) 

By  means  of  (9)  and  (6),  this  may  be  written 

i(5*-5.«)-fi«,[(&)^-l] 
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and  by  (8)  we  get  ^V^-fiTi  ^  ^^^  ^®  ^*^® 

|(5'-S.')-j^l>r[(^)^-l]  (11) 

which  is  the  usual  form  of  equaUon  (5)  for  isentropic  flow  of  an 
ideal  gas.  If  the  speed  is  known  at  either  section,  equation  (10) 
enables  us  to  find  tiie  speed  at  the  other  from  a  knonAedge  of  Cp 
and  an  observation  of  the  difference  of  temperature;  while  equation 
(11)  gives  us  similar  information  in  terms  of  the  pressures  at  A  and 
ill  ^  ^o  density  and  the  ratio  Jc  are  known.  We  shall  apply  this 
equation  to  both  the  Pitot  tube  and  the  Venturi  meter. 

4.  THE  THEORY  OF  THE  PTTOT  TUBE. 

To  treat  the  Pitot  tube,  we  consider  the  fluid  which  is  approaching 
the  dynamic  opening.  Starting  at  a  point  so  far  upstream  that  the 
presence  of  the  Pitot  tube  proauces  no  sensible  disturbance  theroi  a 
particle  of  fluid  approaches  the  dynamic  openine,  slows  down,  and 
mixes  with  the  permanent  high-pressure  cap  of  nearly  stationary 
floid,  whidi  covers  the  dynamic  opening  and  communicates  with 
the  aifferential  jgauge  through  the  impact  tube.  The  same  particle, 
or  another  indistinguishable  from  it,  emeiges  from  the  cap  and, 
being  accelerated  by  the  now  positive  pressure  cradient,  flows  on 
along  the  impact  tube,  finally  acquiring  a  sensibly  constant  speed 
when  it  has  reached  a  region  of  sensibly  constant  pressure.  We 
wish  to  apply  equation  (5)  to  this  motion  if  we  can  find  a  plausible 
way  of  domg  so. 

otartmg  with  the  contour  of  a  small  plane  area,  in  the  undisturbed 
cuirent  and  perpendicular  to  its  general  direction,  we  construct,  in 
imamiation.  a  tubular  surface  of  which  the  sides  are  at  every  point 
parulel  to  tne  mean  direction  ci  motion  of  the  fluid  past  that  point, 
as  found  by  averaging  with  renrd  to  time.  If  the  motion  is  not 
turbulent,  this  tube  is  a  tube  d:  flow  and  no  fluid  passes  in  or  out 
through  its  sides.  If  the  motion  is  turbulent,  as  it  nearly  always  is 
in  practice,  the  »ame  fluid  does  not  flow  continuously  along  the  tube 
as  It  would  if  the  walls  were  impervious.  On  the  contrary,  particles 
of  fluid  are  continually  leaving  tiie  tube  in  consequence  oi  the  tur- 
bulent time-changes  <n  the  direction  of  motion  at  any  fixed  point; 
and  these  particles  are  continually  replaced  by  others,  of  the  same 
total  mass,  which  enter  from  without  the  tube.  But  on  the  whole, 
the  particles  which  enter  have  the  same  average  component  velocity 
alon^  the  tube  as  those  which  leave;  for  unkes  this  were  true  we 
could,  merelj  hjHmagining  the  tubular  surface,  generate  within  the 
fluid  a  particular  filament  which  was  moving,  on  the  whole,  faster 
or  dower  than  the  surrounding  fluid.  We  conclude  that  the  net 
effect  of  turbulence  is  the  same  as  if  the  imaginarv  tube  walls  were 
made  rigid  and  perfectly  reflecting  for  mechanical  impact  without 
exerting  any  skin  friction  on  the  fluid  flowine  along  them. 

If  the  whole  current  of  fluid  is  at  a  sensiuy  unuorm  temperature 
acioes  its  eeneral  direction,  no  heat  passes  m  or  out  through  the 
tubular  surface,  and  equation  (5)  may  be  applied  as  though  we  had 
an  impervious  noifconaucting  channd  to  deal  with.  Furthermore, 
if  the  tube  is  of  sinaU  section,  the  axial  speed,  averaged  with  regard 
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to  time,  will  be  the  same  at  all  points  of  any  one  cross  section.  Hence 
the  application  of  equation  (5).  involving  the  assumption  of  equation 
(2)  or  (4),  is  better  justified  tnan  for  a  material  tube  in  which  skin 
friction  would  cause  the  axial  speed  to  be  nonuniform  over  any 
section.  * 

We  now  consider  such  an  imaginary  tube,  starting  in  the  imdis- 
turbed  fluid  some  distance  upstream  from  tne  dynamic  opening  of 
the  Pitot  tube,  passing  into  the  hi^h-pressure  cap  over  the  opening 
and  emerging  again  at  the  edge  of  the  opening,  to  continue  its  course 
along  the  side  of  the  impact  tube.  Tne  portion  of  the  imaginary 
tube  which  passes  through  the  high-pressure  cap  may  be  regarded 
as  an  enlargrement  of  cross  section  at  which  the  mean  ..axial  speed  is 
so  reduced  mat  its  square  is  negli^ble  in  comparison  with  the  square 
of  the  speed  at  distant  points.  If  we  let  Jt  be  a  section  at  some 
distance  upstream  and  A^  be  the  section  of  the  tube  where  it  passes 
through  tiie  hi^h-pressure  cap,  S^^  is  n^ligible  in  comparison  with  8* 
and  equation  ^)  gives  us 

S=V2[(€x+PiV,)-(€+2n;)]  (12) 

in  which  8  is  the  speed  of  the  imdisturbed  current;  c,  p,  and  v  refer 
to  conditions  in  the  imdisturbed  current;  and  €i,  p^,  v^  refer  to  con- 
ditions in  the  dynamic  opening.  The  static  pressure,  which  the 
static  opening  is  designed  to  receive  and  transmit  to  the  gauge,  isp; 
while  the  pressure  received  by  the  dynamic  opening  is  mat  in  the 
permanent  high-pressure  cap,  or  p^. 

Equation  (12)  is  the  general  form  of  the  Pitot  tube  equation  for  any 
fluid,  whether  compressible  or  not.  In  the  case  oi  a  liquid,  the 
internal  energy  and  specific  volume  are  not  appreciably  af^ted  by 
the  very  smful  pressure  variations  involved,  so  that  we  have  Ci  =»  c 
andt7|«t;  and  equation  (12)  reduces  to 

5  =  j2r(Pi-2>)  =  j2  2i^  (13) 

p  beine  the  density  of  the  liquid.  If  the  pressure  difference  is  ex- 
pressed as  a  head  h  of  liouid  of  density  d,  we  have  p^-^p^ghd  and 
equation  (13)  takes  the  form 


S^J2g^h  (14) 

the  usual  form  of  the  Pitot  tube  equation  for  a  perfect  or  ideal  tube. 

Even  when  the  fluid  is  a  saS|  if  o  is  small  ana  (pt—p)  therefore  also 
small.  e«  and  v^  are  nearly  me  same  as  6  and  t;  so  that  equations  (13) 
and  (14)  remain  approximately  correct — admitting  all  the  assump- 
tions made — thoum  it  is  not  evident  how  close  the  approximation 
will  be.  But  if  we  speed  and  the  pressure  difference  are  great 
enoujgh  to  cause  sensible  compression,  we  must  return  to  equation  (5) 
and  mtroduce  the  conditions  for  adiabatic  flow  of  a  gas,  as  was  done 
in  section  3  in  arriving  at  equation  (1 1) .  The  fact  that  equation  (14) 
does  agree  well  with  observations  on  gas  currents  at  moderate  speeds^ 
i^ows  that  no  great  error  is  involvra  in  neglecting  compressibility 
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and  justifies  us  in  going  on  to  find  a  closer  approximation  by  treating 
the  ^  as  ideal  and  mereby  using  an  approximation  to  the  com- 
pressibility. 

Assuming,  then,  that  eouation  (11)  is  applicable  to  the  ima^ary 
current  tube  now  under  oiscussion,  we  have,  by  setting  Si^^U,  the 
equation 


*-V^l(t)^-']  <'« 


£it—  1 
*.  ^^^^^  «^^  i  =  l+A  and~T— =n  we  have 


ip 


Setting  the  ^ }  =  X*,  substituting  in  equation  (16),  and  noticing 


that  n  A  =  — T —  ^ — ^  we  have 
P 


f=xJ2a 


8^XJ2Pi^:^  (16) 


which  dijffers  from  equation  (13),  obtained  by  disregarding  com* 
pressibility,  only  in  the  correction  factor 

I  Z.(l-^!^A4-<"-/.y7^>A»+("-^y,:3y-«>A.4. . .  .)*(17) 

I  The  quantity  A=" — ^  is  the  fractional  rise  of  pressure  at  the 

I  mouth  of  the  impact  tube:  hence  it  is,  in  practice,  always  a  small 

I  quantity.    Th^  value  of  Jc  for  gases  is  always  between  f  and  1,  so 

t— 1 
I  that  n^    ^     is  always  between  f  and  0.    Accordingly  the  terms  of 


X  containing  A  i^e  alternately  negative  and  positive  and  when  A  is 
small  the  series  converges  rapidly,  the  sum  of  all  the  terms  in  A  being 
nearlj  equal  to  the  first  term  alone,  so  that  if  the  first  is  n^ligible  the 

sum  IS  negligible  and  X  may  be  set  equal  to  unity. 

2 
The  ratio  of  the  specific  heats  of  air  is  1.40.    Hence  n==>y  and  we 

have 

If  an  error  of  y  per  cent,  in  S^  is  permissible,  an  error  of  y  per  cent,  may 
also  be  allowed  m  the  correction  factor  X  and  the  value  of  A  may  be, 

at  most,  such  as  to  make  sg  ^  "  Too  ®'  ^  "^  0.056y .     For  any  assigned 

values  of  the  error  y  per  cent,  in  the  speed,  the  value  of  8  can  be 
found  from  equation  (13). 
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Let  us  suppose,  for  example,  that  the  Fitot  tube  is  to  be  used  for 
measuring  the  speed  of  an  aeroplane  and  that  an  accuracy  of  0.5  per 
cent,  is  simcient.  Then  we  have  A  =  0.028  and  p,  —  p  =  0.028  p.  To 
find  what  speed  would  give  this  head  on  the  dmerential  gauge,,  we 
set  p—1  atmosphere^  1.013X10*  dynes/cm.*  and  p=0.0013  gram/ 
cm./  and  substitute  in  (13),  the  result  being  iS»66.1  m./sec.»212 
ft./sec.«148  miles/hour.  Since  an  accuracy  of  better  than  1.0  per 
cent,  can  hardly  be  demanded  of  an  aeroplane  speedometer,  it  is  evi- 
dent that  for  all  ordinary  speeds  of  flight,  no  correction  for  com- 
pressibiUty  is  needed  and  equations  (13)  and  (14)  may  be  used. 

It  is  of  course  a  simple  matter  to  compute  values  of  the  correction 
factor  X  for  various  speeds;  but  in  view  of  the  imcortainties  and 
assumptions  involved  in  the  theory,  the  results  would  have  a  mis- 
leading appearance  of  accuracy  and  would  not  in  fact  be  worth  the 
labor  of  computation.  What  nas  been  shown  is  sufficient,  namely, 
that  if  a  Pitot  tube  does  not  measure  the  speed  of  an  aeroplane  cor- 
rectly the  error  is  not  due  to  neglecting  the  compressibiUty  of  the  air. 

5.  THE  THEORY  OF  THE  VENTUBI  METEB. 

The  Venturi  meter  is  a  channel  of  varying  cross  section,  and  we 
may  apply  to  it  the  general  equations  oi  flow  which  have  already 
been  developed.  In  doing  so,  we  shall  let  A  be  the  entrance  section 
of  the  meter  where  p  is  measured,  and  A^  be  the  throat  section  at 
which  the  diminished  pressure  p^  is  observed.  We  have  to  use 
equation  (5). 

If  the  meter  is  used  for  measuring  the  flow  of  a  liquid  of  density  p 
we  may  set  C|»€  and  Vi^i;  as  we  did  in  treating  the  Pitot  tube,  and 
equation  (5)  then  gives  us 

S,^S*^2^^=^  (19) 

Neither  8  nor  8^  vanishes;  but  in  addition  to  (19)  we  have  the  equa- 
tion of  continuity  which  for  a  fluid  of  constant  density  may  be 
written 

S,A,^8A  (20) 

and  (19)  and  (20)  together  enable  us  to  find  either  8  or  S^.  If  we 
represent  the  area  ratio  by  a  single  symbol 

3--a>l  (21) 

we  have  

S.5J2  2i:^  (22) 

where  

B-J-J-.  '  (23) 


v^^^^ 


and  JS  is  a  constant  characteristic  of  the  given  meter. 

Comparing  (22)  with  (13),  the  equation  for  the  Pitot  tube  in  a 
liquid,  we  see  that  they  differ  only  by  the  factor  B  which  depends  on 
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the  area  ratio  a.  If  a-  -^  B—  1  and  the  obeerred  Venturi  preesure 
difference  (p—Vt)  will  be  the  same  as  would  be  shown  by  a  Pitot 
tabe  with  its  aynamic  opening  in  the  entrance  of  the  meter.    For 

yarions  values  of  the  ratio  jy  of  entrance  diameter  to  throat  diameter 

we  have  the  following  values  of  B: 

^-         1.5  2,0  2.5  3.0  4.0 

a=         2.25  4.00  6.25  9.00  16.00 

jB-         1.569        3.874        6.170        8.944         15.77 

Evidentlji  the  Venturi  pressure  diflFerence  may  easily  be  made  much 
larger  than  the  Pitot  pressure  difference  at  the  entrance  speed  and 
the  jgauge  reading  be  made  much  more  sensitive. 

Ifthc  fluid  is  a  gas  instead  of  a  Uquid,  compressibility  will  still  be 
ne^QgiUe  at  sufficiently  low  speeds,  as  for  the  Pitot  tubci  and  equa- 
tion (22)  may  be  used;  but  m  general  the  compreesibiUty  must  be 
allowed  for.  To  treat  the  flow  of  a  gas,  we  have  to  make  the  same 
asBomptions  as  in  seStion  3,  namely,  that  the  gas  is  sensibly  ideal 
and  that  the  flow  from  the  entrance  section  il  to  the  throat  ^i  is 
sensibly  isentropic.  the  combined  effect  of  heat  conduction  to  or 
from  the  walls  of  tne  meter,  and  of  internal  heating  in  the  gas  itself, 
being  insignificant.  We  then  have  to  apply  equation  (11)  to  the 
case  in  hand,  and  if  for  simplicity  we  represent  the  pressure  ratio 
by  a  single  symbol  and  write 

^-r<l  (24) 

we  have  by  equation  (11) 

'S^?-'S*-]^^[l-»'*"^]  (26) 

P  being  the  density  of  the  gas  at  the  pressure  p  as  it  crosses  the 
entrance  section. 
To  combine  with  (25)  we  have  the  equation  of  continuity 

And  if  we  remember  that  during  isentropic  compression  or  expansion 
^  an  ideal  gas  pr/^  remains  constant,  the  equation  of  continuity 
niay  be  written 

S^'-^S  (26) 

By  using  (26)  to  eUminate  S^  from  (25)  we  now  obtain  the  equation 

W  means  of  which  the  entrance  speed  8  may  be  computed  from  the 
obeerred  pressure  ratio  r^pjp  when  the  area  ratio  a  and  the 
properties  of  the  gas  are  known.    Since  we  are  treating  the  gas  as 
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ideal,  p/p  is,  for  any  given  gas,  proportional  to  the  absolute  tempera- 
ture 6  at  the  entrance  section,  and  we  may  write  2= 2?  p^  being 
the  density  of  the  gas  at  the  standard  pressure  po  ^^^  temperature  B^. 

Q 

For  air,   -^= it  =  1.40  and  if  we  insert  the  known  value  of  p^  at 
1  atmosphere  and  0^  C.  and  set 


iS- 


where 


2it 
Jfc-1 


^v^ 


(28) 


1 


lt-l> 


iP.l^ 


we  liave  the  values  of  Y  shown  in  the  following  table  for  rarious 
pressure  ratios  r  and  for  meters  in  which  the  throat  diameter  is 
\,  \,  or  \  of  the  entrance  diameter,  i.  e.,  a»4,  9,  or  16.    If  <  is  the 

temperature  at  entrance,  on  the  centigrade  sdble  -^  =»   ^y,     while  if 

t  is  measured  on  the  Fahrenheit  scale, 

9_     460+< 
»,"    492  • 

Thk  Vbnturi  Metek  for  Am. 


■^. 


Vid\uB  of  Yin  S=  K, 


„_,^.  ^        .  A     entrance  area 

5=Speed  at  entrance  to  meter  ^"3;*  throat  area 


r=throat  pressure-Hentrance  prefi8ure=pi/p 


9=sab8olute  temperature  of  air  at 
entrance. 

^^ssabsolute  temperatiire  of  ice  point. 


Value9  of  Y, 


a- 4 

a-9 

a-16 

M./880, 

Ft/sec. 

Hil^oar. 

M./sec. 

Ft./aec. 

MileAiour. 

M./88C. 

Ft./S6e. 

Mlle/hr. 

0  9998 

1.44 

4.74 

3.23 

0.626 

2.05 

1.400 

0.350 

1.150 

0.784 

.999 

8.23 

10.60 

7.23 

1.40 

4.59 

3.13 

0.784 

2.57 

1.753 

.995 

7.21 

23.65 

16.13 

3.12 

10.24 

6.98 

1.75 

5.74 

3.91 

.99 

10.16 

33.34 

22.7 

4.40 

14.11 

9.85 

2.47 

8.09 

5.52 

.98 

14.3 

46.48 

32.0 

6.19 

20.3 

13.85 

3.47 

11.88 

7.76 

.95 

22.2 

72.8 

49.6 

9.62 

31.6 

21.5 

5.39 

17.7 

12.06 

.90 

80.4 

99.8 

68.0 

13.2 

43.4 

29.6 

7.41 

24.3 

16.67 

.80 

40.2 

131.7 

89.8 

17.5 

57.5 

39.2 

9.82 

32.2 

22.0 

.60 

48.1 

157.9 

107.6 

21.1 

69.3 

47.2 

11.86 

38.9 

26.5 

Computed  on  the  asBumptions  pv^^RS,  T^^constant,  ^••1.400. 

Po=1.01323X10«  dynelcm\ 

po=0.0012928  gm  cm*  at  760  mm.  and  0*  C 
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REPORT  COVERING  INVESTIGATIONS  OF  AVUTION  WIRES 
AND  CABLES,  THEIR  FASTENINGS  AND  TERMINAL  CON- 
NECnONS. 

By  John  A.  Robbunq's  Sons  Go. 


In  reference  to  our  investigations  of  aviation  wires  and  cables, 
their  fastenings  and  terminal  connections  for  stays,  we  have  failed  to 
find  from  past  practice  anything  that  would  allow  us  to  determine 
tiiebest  line^  on  which  to  proceed;  therefore  our  study  is  not  limited 
to  any  one  stay  design.  - 

In  making  our  investigation  we  have  aimed  to  eliminate  the  use  of 
acid  and  solder^  imperfect  bends,  flattening  of  cable  on  bends,  injury 
to  wire,  strand,  and  cord  due  to  unskillful  handling  of  material  in  the 
field;  and  based  on  our  study  of  present  methods  of  manufacture  of 
aeroplanes  we  believe  it  is  possible  to  manufacture  the  complete  stay 
here  at  the  factory,  proof  test  same  to  50  per  cent  of  its  ultimate 
strength,  measure  same  under  stress,  and  therefore  eliminate  any 
nncertaintv  as  to  strength  of  terminal  connection,  length  of  stay,  and 
worlanansnip. 

On  this  basis  our  research  covered  not  only  the  terminal  connection 
for  shop  attachment,  but  also  a  connection  that  would  allow  repairs 
to  be  made  in  the. field  without  requiring  the  use  of  blow  torch  and 
solder,  and  from  the  following  tests  it  mil  be  readily  seen  that  the 
deyelopment  eliminates  any  doubt  on  this  point. 

We  find  present  practice  considers  ''the  solid  wire  stay/'  consist- 
ing of  one  wire  of  suitable  diameter  and  known  to  the  trade  as  ''  avia- 
tion wire*';  "the  strand  stay,''  consisting  of  either  7  or  19  wires 
stranded  tc^ether  and  known  to  the  trade  as  "aviator  strand'';  also 
"the  cord  or  rope  stay/'  consisting  of  7  strands  twisted  together 
forming  a  rope,  tne  strands  being  either  7  wires  or  19  wires;  and  the 
rope  known  to  the  trade  as  "  aviator  cord. " 

THE  SOLID  WIRE  STAY. 
PLATE  NO.  1. 

Figure  i. 

Figure  1  shows  the'type  most  generaUv  in  use.  An  eye  or  loon  is 
formed  in  tinned  aviator  wire  and  a  ferrule  made  by  wrapping  a  thin 
flat  strip  around  both  wires.  The  free  end  of  the  wire  is  then  bent 
back  oyer  the  flat  ferrule,  holding  it  in  place,  and  the  whole  terminal 
dipped  in  solder.  This  tyne  of  terminal  is  far  from  being  satisfactory. 
Its  mechanical  strength  is  low  and  variable.  The  process  of  soldering 
byolves  the  poesibinty  of  establishing  a  source  of  corrosion,  as  weu 
as  injuring  the  quality  of  the  wire,  l^e  making  of  such  a  terminal  is 
ahnost  necessarily  a  factory  proposition  and  provides  no  means  for 
quick  and  efficient  field  replacements. 
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Figures. 

The  standard  terminal  in  Europe  is  shown  in  figure  2.  This  con- 
sists of  an  oval  spring  wire  ferrule  applied  in  almost  the  same  manner 
as  the  flat  wire  lemue  in  figure  1.  Particular  emphasis  is  placed  on 
the  method  of  forming  the  eye  in  the  stay  before  applying  the  ferrule. 
Radius  of  curve  at  "A"  and  "B, "  figure  2,  must  be  exactly  the  same 
as  radius  at  "C."  This  is  called  a  perfect  eye.  No  solaer  is  used. 
The  ferrule  is  made  of  wire  of  the  same  size  as  wire  in  stay  and  is 
"spring''  quality.  Nine  convolutions  constitute  the  standard  length 
of  ferrule.  The  hole  in  the  ferrule  is  oval  and  a  snug  fit  for  the  two 
wires  forming  the  eye  of  stay.  Both  wire  and  ferrule  are  tin 
coated.  The  free  end  of  the  wire  is  bent  back  over  the  ferrule  and  is 
not  fastened  in  any  way.  This  holds  the  ferrule  firmly  against  the 
shoulder  at  "A  "  and  "B. " 

Tests  made  on  stays  having  this  type  of  terminal  did  not  show 
ver^  satisfactory  results.  Eighty  per  cent  of  the  tests  showed  an 
efficiency  of  less  than  65  per  cent,  the  free  end  of  the'wire  slipping 
through  the  ferrule  at  failure  of  tne  stay.  In  the  remaining  20  per 
cent  df  the  tests  the  wire  broke  at  "A,"  the  stays  ha\dng  an  average 
efficiency  of  68  per  cent  of  the  total  strength  of  the  wire. 

Figure  S. 

Figure  3  shows  eye  having  radii  *'A''  and  "B"  different  from 
''C/'^  which  is  not  allowed  m  foreign  specifications  and  practice. 
Tests  made  on  terminals  having  an  eye  formed  as  in  figure  3  always 
resulted  in  pulling  through  the  tree  end  of  the  wire  at  ww  efficiency. 

Figure  4* 

In  order  to  determine  whether  the  direction  of  pitch  of  the  spiral 
spring  ferrule  had  any  influence  in  determining  the  efficiency  ot  the 
stay,  sample  terminals  having  left-hand  femues  as  in  figure  2  and 
right-hand  ferrules  as  in  figure  4  were  made  with  a  perfect  eye  in  both 
cases,  tested,  and  compared.  The  left-hand  f ermle  clearly  showed 
an  efficiency  of  about  5  per  cent  more  than  the  right-hand  ferrule. 
In  testing  tine  latter  the  free  end  of  the  wire  alippea  in  every  case. 

Figure  6. 

In  figure  5  an  effort  was  made  so  secure  the  free  end  of  the  wire 
against  slipping  when  strain  was  applied  to  the  stay  by  wrapping 
this  end  around  the  main  stay  wire.  Tests  on  this  construction 
showed  an  average  efficiency  of  72  per  cent,  fracture  taking  ^ace 
at'^B." 

,  Figure  6. 

Another  method  of  securing  the  loose  end  conaisted  of  tying 
the  end  down  on  the  ferrule  with  fine  annealed  wire  as  shown  in 
figure  6.  Tests  made  on  this  construction  showed  an  average  effi- 
ciency of  70  per  cent,  fracture  taking  place  at  ''A." 

OONOLUSIONS  BASED  ON  ABOVE  TESTS. 

Observations  made  during  tests  of  terminals  5  and  6  showed  deariy 
that  the  weak  points  of  this  construction  existed  at  ^'B"  and  ^'A,^' 
respectively,  and  that  it  was  necessary  to  increase  the  friction  between 
the  waDs  of  ferrule  and  the  wire  of  the  stay  under  strain  to  increase 
efficiency.    Reliable  information  at  hand  snowed  that  the  same  con- 
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duaions  had  been  aimed  at  by  foreign  engineers  stationed  in  America 
and  that  they  had  solved  the  problem  by  soldering;  the  spring  ferrule 
terminal  in  the  same  manner  that  Americans  haa  adopted  with  the 
flat  wire  terminal. 

HORN'S  IMPROVED  TERMINAL  CONNECTION. 

In  an  effort  to  avoid  the  use  of  solder  with  its  many  objectionable 
features  types  of  construction  as  shown  in  figures  7  to  15,  inclusive, 
were  origmated  and  tested.  In  every  case  the  spring  ferrule  with 
left-hand  pitch  was  adopted.  The  loose  end  of  wire  was  secured 
with  a  tie  or  simple  wire  loop  or  cUp  as  shown.  Numerous  tests  made 
at  intervals  throughout  the  entire  series  of  tests  with  wires  having 
strengths  of  1,600,  1,800,  and  2,300  pounds  showed  conclusively  that 
there  is  no  difference  in  efficiency  of  stays  using  wire  of  any  of  the 
above  strengths. 

Figure  7. 

Figure  7  shows  a  wedge  between  the  ferrule  and  free  end  of  wire 
so  placed  that  as  strain  is  applied  to  the  stay  and  the  bend  in  the 
free  end  of  wire  drawn  toward  the  ferrule  the  wed|^e  is  forced  in  and 
thus  increases  the  friction  between  the  wall  of  the  ferrule  and  the 
main  stay  wire.  Average  efficiency  secured.  82  per  cent;  range  of 
efficiency,  80  to  84  per  cent.     Fracture  at  "A"  in  ferrule. 

Figure  8. 

Figure  8  shows  two  wedges  with  a  connecting  yoke.  The  wedges 
enter  on  each  side  between  the  two  wires  and  lOTce  them  apart  and 
against  the  wall  of  the  ferrule  as  strain  is  applied.  The  wedges  are 
forced  in  by  presst!bre  on  the  connecting  yoke  which  passes  under  the 
bend  of  the  free  end  of  the  wire  as  tms  free  end  is  drawn  into  the 
ferrule  under  strain.  Averajge  efficiency  of  terminal  in  test  equals 
80  per  cent.  Range  of  efficiency  in  tests  made,  79  to  83  per  cent. 
Fracture  at  "A." 

Figure  9. 

In  construction  of  figure  9  two  wedges  were  used  as  in  figure  8,  but 
the  yoke  was  replacecT  by  a  washer  with  two  holes  in  it  encircling 
both  wires  of  the  stav.  rressure  on  the  wedges  was  supposed  to  be 
secured  under  strain  by  the  drawing  in  of  the  loose  end  under  strain. 
This  result  was  not  realized  as  the  washer  became  locked  on  the  main 
wire  and  broke  the  loose  end  at  ''D."  Efficiency  secured  was  only 
70  per  cent;  range,  60  to  75  per  cent. 

Figure  10. 

In  figure  10  two  wedges  were  used  as  in  figure  8  and  figure  9.  The 
free  end  of  the  wire  was  wrapped  around  the  main  stay  wire  and 
jmshed  in  the  wedge  as  initial  slippage  occurred.  Average  efficiency, 
84 percent;  range,  75  to  87  per  cent.    Fracture  at  ''A''  in  ferrule. 

Figure  11. 

¥ifme  11  shows  a  double  eve  with  no  wedge.  Standard  straight 
femile  with  free  end  tied.  Tnis  type  of  eye  could  only  be  used  on 
Btays  when  tumbuckles  or  hooks  to  be  attached  had  open  eye. 
Average  efficiency  in  test^  80  per  cent;  range,  74  to  82  per  cent. 
Fracture  at  "A." 
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Figure  12. 

Figure  12  again  shows  a  double  eye  in  stay  with  a  sin^e  wedge 
between  wires  on  the  eye  end  of  the  ferrule.  As  ferrule  is  drawn 
down  against  shoulders  '^'A"  and  "B"  the  wedge  is  forced  in.  This 
increases  friction  of  wires  against  ferrule  at  ''A"  and  "B/'  but  not 
at  "D"  and  "E."  Average  efficiency,  85  per  cent;  range,  80  to  87 
per  cent.    Fracture  at  '*A." 

Figvre  IS. 

Figure  13  shows  a  construction  consisting  of  a  double  eye  in  stay, 
a  single  wedge  under  the  eye,  and  an  oval  spring  wire  ferrule  taperea 
at  the  same  angle  as  the  wedge.  In  this  case  the  pressure  of  the 
wedge  forces  both  wires  throu^out  the  entire  length  of  the  ferrule 
against  the  walls  of  the  ferrule  and  this  increases  friction  on  the  ferrule 
uniformly  as  the  strain  increases  on  the  stay  and  reduces  the  strain 
at  the  weak  points  "A"  and  "B"  proportionately.  Fracture  always 
took  place  at  "E."  Average  efficiency,  94  per  cent;  range,  92  to  95 
per  cent. 

In  figure  13^  we  have  the  most  efficient  terminal  tested.  It  has 
none  of  the  objections  of  a  soldered  terminal.  It  is  simple,  parts  are 
inexpensive,  strone,  and  few  in  number.  It  is  an  ideal  terminal  for 
emergency  use  in  tne  field. 

Figures  H  and  16. 

Figures  14  and  15  show  modifications  of  this  type  to  overcome  any 
objections  which  mi^ht  be  raised  to  the  double  eye.  The  wedge  and 
a  substantiiJ  thimble  are  combined  in  one  piece.  To  secure  more 
points  of  contact,  and  consequently  greater  friction,  and  also  for 
greater  flexibility,  the  taper  ferrule  is  made  of  finer  wires  and  with 
more  convolutions.  The  wedge  thimble  may  be  open  or  closed,  as 
desired.  Fracture  took  place  at  "E."  Average  efficiency,  94  per 
cent;  range,  92  to  96  per  cent. 

Summary  of  tests  for  efficiency. 


Tarmioal. 


1.... 
2... 

3... 
4... 
6... 
6... 

7... 

8... 

9... 

10... 

11... 
12... 
13. . . 

14-15 


6ffl0i«D07* 


Percent. 
80 
65 

62 
60 
72 
70 
82 
80 
70 
84 

80 
85 
94 

94 


Raoceofeffl- 
oiBiioy. 


Percent, 
60-90 
60-75 

60-65 
59-41 
6(^75 

6»-78 
80-84 
79-S3 
60-76 
75-87 

74-«2 
80-87 
92-95 

92-96 


Points  of 
tncture. 


"A"or"B 

"A"     or 

slipped. 

"B" 
"A" 

<t  A  II 

"A" 

"A" 
'•A*V 

«i£ll 


Reoiarks. 


American,  soldered. 
Foreign,  proper  eye. 

Foreign,  improper  eye. 
Bi^t-hand  ferrule. 
Endwrappedarotmdstay. 
End  tiea  to  ferrule. 
Wedge  under  hook. 
Two  wedges  with  yoke. 
Two  wedges  with  washer. 
Two       wedges        end 

wrapped. 
Double  eye,  no  wedge. 
Double  eye,  1  wedce. 
Tapered  ferrule,  aouble 


Thimble  wedge  T.   F. 
■ingle  eye. 


NoTB.— These  tests  were  made  with  wire  having  a  diameter  of  0.102  inch  and  a 
strength  of  1,600,  1,800,  and  2,300  pounds.    No  difference  ii^  efficiency  of  stay 
fotmd  by  using  wire  of  any  of  these  strengths. 
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Plate  No.  1. 
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PLATE  No.  2. 
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Plate  No.  3. 
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The  original  object  in  the  manufacture  of  this  material  was  the 
securing  of  the  wire  as  strong  as  possible  in  order  to  reduce  the  weight 
as  much  as  possible.  This  resulted  eventually  in  the  manufacture  of 
a  wire  so  hard  and  strong  that  difficulty  was  experienced  in  forming 
the  eye  and  bend  over  the  ferrule  without  breaking  the  ime.  The 
result  of  this  was  a  lack  of  confidence  in  high-strej^h  wire,  and  in 
some  cases  the  reaction  extended  to  the  use  of  a  Ynre  which  could 
properly  be  classed  as  a  soft  wire.  The  process  of  soldering  terminals 
on  wire  stays  undoubtedly  helped  to  a  great  extent  in  building  up 
this  prejudice.  Nevertheless  it  is  still  true^  as  at  first,  that  a  strong 
wire  which  is  serviceable  permits  the  possibility  of  reducing  weight 
and  is  therefore  desirable.  The  great  number  of  tests  on  wire  and 
staySy  which  were  necessary  to  determine  the  properties  of  di£Ferent 
types  of  terminals  as  described  above.  a£Fordea  a  very  excellent 
opportunity  to  note  conclusively  the  effect  of  using  vanous  grades 
and  strengths  of  wire.  We  determined  that  it  was  aU  important  that 
the  wire  snould  be  tough  and  ductile  as  well  as  strong.  All  bends 
should  be  made  without  danger  of  fracture.  In  addition  to  require- 
ment for  tensile  strength,  we  found  it  necessary  to  recommend 
requirements  for  torsion  and  bend.  As  the  per  cent  effidency  of  the 
stay  due  to  loss  of  strength  at  terminal  is  as  great  with  a  strong  wire 
as  with  a  weakcor  wire,  as  was  clearly  demonstrated  in  our  tests,  it 
followed  conclusively  that  as  high  a  strength  as  can  be  secured  com- 
mercially under  the  conditions  of  torsion  and  bend  test  required 
was  desirable.  The  following  specification  is  therefore  recommended 
as  representing  suitable  high-grade  material  for  the  purpose. 

Standard  aviator  wire  (tinned). 


l>taOMtar 
(InelMB). 

AiMrioui 

(Brown  A 
Shaipe). 

Nearest 
fraction 

OfiDOh. 

Minimum 

bresldng 

strain. 

Minimum 
tflnknln 
ftinohes. 

Ifjnhwnm 

mimbtf  ol 
bends  throoi^ 

of  Jaws. 

Weight  in 

0.204 
.182 
.162 
.144 
.128 
.114 
.102 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1 

6,700 

5,500 

4,600- 

3,700 

8,000 

2,500 

2,000 

1,620 

1,300 

1,040 

830 

660 

540 

425 

340 

280 

225 

175 

9 
10 
11 
12 
14 
16 
18 
21 
24 
27 
31 
34 
39 
44 
49 
55 
61 
70 

4 

4 

5 

6 

8 

9 

11 

14 

17 

21 

25 

29 

34 

42 

52 

70 

85 

105 

11.15 
8.84 
7.01 
5.56 
4.40 
3.50 
2.77 

.002 
.081 
.072 

* 

2.20 

1.744 

1.383 

.064 
.057 

A 

1.097 
.  870 

.051 

.690 

.045 
.040 

A 

.647 
.434 

.036 

344 

.032 
.028 

Vi 

.273 
216 
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PLATE  NO.  2. 

Breaking  strain. — ^Test  sample  shoidd  be  at  least  15  inches  long, 
free  from  nicks  or  bends.  It  should  measure  10  inches  in  the  clear 
between  the  jaws  of  a  standard  testing  machine.  Load  should  be 
applied  uniformly  at  a  speed  not  exceemnz  1  inch  per  minute. 

Torsion. — ^Test  sample  should  be  grippedby  two  vises  6  inches  apart. 
One  vise  is  turned  uniformly  at  a  speed  not  exceeding  60  revolutions 
per  minute.  On  Uie  lai^  size  of  wire  this  speed  should  be  reduced 
sufficiently  to  avoid  undue  heating  of  the  wire.  The  vise  which  is 
not  turned  should  have  free  lateral  movement  in  either  direction. 

Bend  test. — ^Wire  for  bending  test  should  be  a  straight  piece.  One 
end  is  clamped  between  jaws  having  their  upper  eoges  rounded  to 
3/16>inch  radius.  The  free  end  of  the  wire  is  held  loosely  between 
two  guides  and  bent  90^  over  one  jaw.  This  is  counted  one  bend. 
On  raising  to  vertical  position  the  count  is  two  bends.  Wire  is  bent 
to  the  ot&r  side  and  so  forth,  alternating  to  fracture,  eaeh  90^  beoid 
counting  one. 


Diameter  of  stnnd. 

ISreakini;  strength 
of  strand. 

Approximate  weight 
*^I>erlOOfeet.^ 

7  wire/ 

12,500 
8,000 
6,100 
4,600 
3,200 
2,100 
1,600 
1,100 
780 
500 

185 

20.65 

13.50 

10.00 

7.70 

6.50 

3.50 

2.60 

1.75 

1.21 

.78 

.30 

PLATE  NO.  3. 

ROEBLING   19-WIBE  GALVANIZED  AVIATOR  STRAND. 

Roebling  galvanized  aviator  strand  consists  of  19  fine  wires  of 
great  strength  stranded  together.  On  account  of  its  small  size  the 
flinch  diameter  strand  is  made  of  seven  wires.  This  strand  is  not 
very  flexible  and  is  used  for  stays.  This  strand  is  approximated 
one  and  one-third  times  as  elastic  as  a  solid  wire  of  the  same  material. 

Thimble  spliced  in  each  end. 


Diameter  of 
strand. 

Breaking 

strength  of 

strand. 

Breaking 

strength  of 

stay. 

Rfflclency 
(percent). 

Approximate 

welrfit  per 

lOOfeelT 

1 

8,000 
6,100 
4,600 
3,200 
2,100 
1,600 
1,100 
780 
500 

7,200 
5,500 
4,180 
3,000 
2,060 
1,570 
1,100 
780 
500 

90.0 

90.0 

91.0 

93.7 

98.2 

98.1 

100 

100 

100 

13.50 
10.00 
7.70 
5.50 
3.50 
2.60 
1.75 
1.21 
0.78 
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Plate  No.  4. 
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Plate  No.  5. 
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Plate  No.  6. 
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Plate  No.  8. 
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Plate  No.  9. 
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Plate  No.  10. 
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PLATE  NO.  4. 

BOBBLINO  l^WntB  OALYANIZBD  AYIATOB  STBAKD. 

Figure  No.  1  daowa  thimble  spliced  in  19-wire  galyanized  aviator 
strand. 

Figure  No.  t  sho^ns  the  splice  after  the  serving  is  applied. 

Figure  No.  S  shovm  the  broken  wires  after  the  stay  nad  been  tested 
to  destruction  in  the  testing  machine.  It  will  be  noted  there  are  four 
broken  wires.  This  break  always  occturs  at  the  last  tuck  in  the 
splice  and  never  around  the  thimble. 


Diameter  of  oord. 

Breaking  strength 
cord  (pounds). 

Approximate  welgtit 

A 

2,000 

2.88 

2,800 

4.44 

A 

4,200 

6.47 

^ 

5,600 

9.50 

7,000 

12.00 

i 

8,000 

14.56 

•X 

9,800 

17.71 

1^ 

12,600 

22.53 

1 

14,400 

26.45 

PLATE  NO.  & 
SOBBLmO  7  BY  19,  TINNED  AVIATOB  OOBD. 

Roeblin^  tinned  aviator  cord  is  composed  of  7  strands  of  19  wires 
each.  This  wire  is  made  {xom  the  highest  grade  of  steel  and  eiven  a 
heav3r  pl^^^u^  of  ^«  I^  is  ^^  principally  for  stays  on  foreign 
macfines.  'nus  cord  is  approximately  one  and  three-quarter 
times  as  elastic  as  a  solid  wire  of  the  same  material. 

Thimble  tpliced  in  each  end. 


Dtemetarof 
eonl. 

Breaktog 
stevBsthofcord. 

BrMklng 
sCrsngthofstay. 

Efficiency. 

Approxlmata 
wai^ipwlOOfBat. 

X 

2,000 

1,600 

r           2.88 

•fg 

2,800 

2,S00 

4.44 

A 

4,200 

3,500 

6.47 

-Jg 

5,600 

4,700 

Average  of  54 

9.50 

} 

7,000 

6,000 

tests  83.6  per 

12.00 

"fs 

8,000 

6,800 

cent. 

14.56 

<x 

9,800 

8,200 

17.71 

^ 

12,500 

10,400 

22.53 

i 

14,400 

12,000 

[         26.45 

PLATE  NO.  6. 
BOSBUNO  7  BY  19^  TINNED  ATIATOB .  OOBD. 

Figure  No.  1  shows  thimble  spliced  in  7  by  19  tinned  aviator  cord. 

Figure  No.  i  shows  the  q)lioe  after  the  serving  is  applied. 

Figure  No.  S  shows  the  result  of  a  test  to  destruction  in  the  testing 
macmne.  Five  strands  have  been  broken  at  the  last  tuck  in  the 
splice.  .In  all  the  64  tests  the  stay  failed  at  this  point  and  never 
around  the  thimble. 
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PLATE  NO.  7. 

THIMBLBS. 

The  eye  splice  in  strand  and  cord  should  be  protected  by  means  of 
either  steel  or  brass  thimble. 

The  brass  thimble  can  be  used  for  19-wire  strand  for  diameters  of 
1/8  inch  and  smaller.    For  larger  diameters  use  steel  thimbles.        ^ 

For  the  7  by  19  cord  use  brass  thimble  for  3/16  inch  diameters  and^ 
smaller,  and  steel  thimbles  for  larger  diameters. 

PLATE  NO.  & 
SHOP  CONNECnONS.^ 

Figure  No.  1, — ^Based  upon  tests,  believe  the  ejre  splice  for  the 
7  by  19  cord  is  the  most  satisfactory  for  all  sizes,  including  i  inch 
diameter,  unless  higher  efficiency  is  required,  in  which  case  a  socket 
attachment  can  be  used  for  the  lai^er  diameters. 

Figure  No.  2. — The  eye  splice  is  very  satisfactory  for  19-wire 
strand  for  diameters  not  exceeding  ^  inch.  For  larger  diameters 
a  socket  attachment  is  necessary  to  get  high  efficiency. 

Figures  Nos.  S,  4,  ^^  S. — ^The  tapered  ferrule  and  wedge  attach- 
ment gives  maximiun  efficiency,  ana  we  believe  can  be  used  to  great 
advantage  for  single-wire  stays. 

PLATE  NO.  9. 

FIELD  CONNECTIONS. 

The  repairing  of  stays  in  the  field  has  been  given  careful  consid- 
eration, and  Ingure  No.  1  on  plate  No.  9  shows  a  very  simple  and 
efficient  device  for  attachment  of  either  19-wire  strand  or  7  by  19 
cord.    The  efficiency  is  90  per  cent. 

The  wedge  "A"  and  ferrule  "B^'  are  the  two  important  members 
of  the  connections.  After  the  strand  or  cord  is  placed  on  wedge  and 
through  ferrule^  the  end  of  same  is  bent  backward  on  ferrule  and  then 
served  with  wire. 

Figures  Nos.  2  and  S  show  the  same  type  of  connection  for  wire 
attacnment.    The  efficiency  is  94  per  cent. 

PLATE  NO.  10  AND  PLATE  NO.  IDA. 

SOOKBT   ATTACHMENT. 

We  believe  the  socket  attachment  can  be  used  to  advantage  in 
oonnection  with  19-wire  strand,  especially  on  the  lar^r  diameters. 

The  efficiency  is  nearly  100  per  cent  and  the  connection  is  positive 
and  safe. 

We  find  it  necessary  to  use  pure  zinc  for  attachment  of  galvanized 
strand. 

Plate  No.  10  shows  two  types  of  sockets — 

Figure  No.  1  not  furnished  with  adjustment  and  Figure  No.  2 
having  adjustment. 

Plate  No.  lOA  shows  the  sockets  used  by  the  Glenn  L.  Martin  Co., 
and  it  is  stated  their  efficiency  is  100  per  cent. 
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.  PLATE  Na  11. 

BOBBLINO  19-WIBE  OALYAMIZED  AVIATOR  STRAND. 

Mgure  No.  1  shows  a  19-wire  galvanized  aviator  strand  with  end 
looped  and  soldered. 

Figure  No.  S  shows  the  residt  of  test  to  destruction  in  the  testing 
machine.  It  will  be  noted  that  .the  break  of  the  seven  wires  occurs 
at  the  center  of  the  stay  and  never  at  the  ends.  In  the  series  of 
tests  made  this  connection  showed  an  efBlciency  of  100  per  cent. 

Special  attention  is  called  to  the  protective  serving  of  the  loop.  In 
case  this  is  not  done  a  thimble  must  be  used.  The  pnncipal  objections 
^tothis  connection  are  the  use  of  acid  and  solder. 

Ends  looped  and  soldered. 


DIaiiMterof 
strand. 


BiMldiig 

itrtDgthof 

strand. 


8,000 
6,100 
4,600 
3,200 
2,100 
1,600 
1,100 
780 
600 


Breaking 

strength  of 

stay. 


8,000 
6,100 
4,600 
3,200 
2,100 
1,600 
1,100 
780 
500 


ElBciBncy 
(percent). 


100 
100 
100 
100 
100 
100 
100 
100 
100 


Ltngthof 
Up. 


Serringof 
lap. 


Approximate 

weiffht  per 

lOOfeet. 


13.50 
10.00 
7.70 
5.50 
3.60 
2.60 
1.76 
L21 
.78 


PLATE  NO.  12. 

EXAMPLES  OI>  PRESENT  PRACTICE. 

No,  1  shows  the  solid  wire,  using  a  copper  tube  as  a  ferrule,  and  if 
attached  properly  vrill  give  efficiency  of  75  to  80  per  cent. 

No.  £  snows  a  19-wire  strand  attachment,  using  a  copper  tube  as 
a  ferrule  and  bending  the  strand  back  and  soldering  both  inside  and 
outside  of  ferrule.  Note  that  the  strand  is  notprotected  where  it 
bears  on  tumbuckle  and  the  strand  fails  here.    The  efficiency  is  low. 

No.  S  shows  a  19-wire  strand  attachment  where  the  strand  is 
looped,  served,  and  then  soldered.  Note  the  wire  displacement  in 
loop. 

ffo.  4  was  taken  from  a  wrecked  aeroplane  and  shows  point  of 
f  ulure  in  loop,  due  to  want  of  protection  at  this  point. 

No.  5  shows  form  of  eye  for  solid  wire,  which  makes  it  necessary 
to  use  medium  steel  to  allow  manipulation. 


PiMBrtvofeard. 

Breaking  stnogth 
of  oord. 

pcrlOOfeet. 

A 

7,900 

16.00 

i 

5,000 

9.50 

4,000 

7.43 

A 

2,750 

5.30 

A 

2,200 

4.20 

i 

1,150 

2.20 

830 

1.50 

A 

780 

1.30 

A 

480 

.83 

t^ 

400 

.73 
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PLATE  NO.  IS. 

BOBBLINO   BXTBA  FLEXIBLE  ATIATOB  OOBD  6  BY  7  OOTTON    CENTER. 

Roebling  extra  flexible  aviator  cord  is  composed  of  six  strands  of 
seyen  galvanized  wires  each  and  a  cotton  center.  On  account  of  its 
flexibifity  this  cord  is  used  for  steering  fg&ar  and  controls.  This  cord 
is  approximately  two  and  one-quarter  tunes  as  elastic  as  a  solid  wire. 


Dhowtorofoocd. 

Bnakli«8tr8iistli 
of  cord. 

Appcoximatewtlglit 
per  100  feet. 

A 

9,200 

16.70 

i 

5,800 

ia50 

i. 

4,600 

8.30 

A 

3,200 

5.80 

A 

2,600 

4.67 

Jl 

1,360 

2.45 

970 

1.75 

A 

920 

1.45 

A 

550 

.93 

A 

485 

.81 

PLATE  NO.  14. 
BOBBLIKO  FLEXIBLE  AVIATOB  CX>BI>  6  BT  7  WIBB  OBMTEB. 

Roebling  flexible  aviator  cord  is  made  with  seven  strands  of  seven 
galvanized  wire  each.  This  cord  is  not  as  flexible  as  the  cotton 
center  cord  and  is  approximately  one  and  three-quarteis  times  as 
elastic  as  a  solid  wire. 

PROTECTIVE  COATINGS  ON  STEEL  WIRES. 

NONFERROUS  METALS-ALLOY  STEELS. 

We  manuf  acttire  wire  and  cable-in  nonf  errous  metals  such  as  monel 
metal,  serman  silver,  phosphor  bronze,  aluminum  bronze,  silicon 
bronze,  brass,  copper,  etc.,  but  we  do  not  believe  that  any  of  these 
metals  will  ever  prove  commercially  practicable  for  the  purpose  of 
aeroplane  stays  or  cables.  ^'Maxunum  strength  with  minimum 
weight"  appears  to  be  too  all-important.  In  none  of  these  can 
extreme  reuability  with  high  elasticity  be  so  well  secured  as  with  steel 
when  it  is  well  protected  from  mechanical  injury  and  corrosion.  For 
exceptional  purposes,  the  nonmagnetic  properties  of  these  metals 
may  outweign  their  lack  of  strength  and  duraoility  in  fatigue,  making 
theur  use  imperative,  but  in  the  final  design  the  amount  thus  used 
wiU  imdoubtedly  be  the  least  possible  amount  permissible  under  the 
circumstances.  For  construction  of  this  kind  we  would  not  recom- 
mend, without  many  qualifications,  a  natural  alloy  such  as  monel 
metal.  This  matenal  appears  to  possess  excellent  noncorrosion 
properties  when  used  in  a  relativelv  large  mass,  as  in  a  propeller,  but 
there  appears  to  be  considerable  doubt  as  to  its  absolute  reliability 
in  uniformly  resisting  corrosion  when  rolled  into  verv  thin  sheets  or 
drawn  into  wire.  To  a  lesser  degree,  a  lack  of  confiaence  must  exist 
in  such  manufactured  alloys  as  brass,  german  silver^  or  bronzes  con- 
taining rdatively  lai^e  proportions  of  two  or  more  elementary  metals. 
"Phosphor  bronze," ^'silicon  bronze,"  "  aluminum  bronze,"  or  similar 
alloys  containing  a  relatively  high  per  cent  of  one  element  (copper) 
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onl^,  are  more  ''fool-proof"  and  conaequently  more  reliable  and 
desirable. 

An  attempt  to  give  tbe  elastic  limit  and  tensile  stren^h  of  each 
size  of  wire,  strano,  and  cable  used  in  aeroplane  construction,  if  same 
were  made  of  all  the  nonferrous  metals  mentioned  aboye^  wotdd 
involve  the  publication  of  quite  an  extensive  report.  Confinmg  our- 
selves to  the  most  suitable  of  these  metals  or  alloys,  phosphor  bronze, 
aluminum  bronze,  etc.,  it  is  a  safe  and  reliable  nue  to  assimie  that 
the  ultimate  strength  of  such  wire  or  cable  or  stay  will  be  50  per  cent 
of  the  ultimate  strength  of  the  extra  high-strength  steel  listed  by  us 
for  standard  aeroplane  use.  The  elastic  limit  for  nonferrous  metals 
could  not  safely  be  assumed  at  more  than  50  per  cent  of  the  ultimate 
breaking  strain. 

The  use  of  vanadium,  titanium,  ana  other  special  deoxidizers  or 
cleansers  in  the  manufacture  of  steel  has  undoubtedly  resulted  in 
very  much  improving  homogeneity  and  density  of  structure  in  cast, 
foiged,  and  otner  hot-work^  masses  of  tiie  metal  especially  in  the 
haraer  alloyed  varieties.  It  is  not  so  certain,  however,  that  the  use 
of  these  metals  has  proven  necessary  or  even  desirable  in  making 
steels  of  the  higher  ^ade  for  wire  manuf acttu'e  where  the  enormous 
amount  of  cold  workmg  and  exact  heat  treatment  absolutely  inherent 
to  the  process  of  wire  manufacture  produces  eventually  a  structure 
finer  and  more  homogeneous  than  has  ever  been  possible  bv  any 
other  method.  The  mcreased  resistance  to  corrosion  which  the 
special  steeb,  referred  to  above,  afford,  because  of  their  density  and 
uniformity,  is  more  than  duplicated  by  any  drawn  high-erade  wire 
of  the  ordinary  carbon  steels  of  sufficient  degree  of  manu^ture. 

Vanadium  steels  and  other  steels  of  their  kind  have  not  as  yet 
become  established  as  desirable  wire  steels.  Although  strongly  tu-ged 
upon  the  industry  and  tried  time  and  again,  they  nave  not  demon- 
strated their  superiority. 

Carefully  made  high-grade  carbon  steel  affords  to-day  the  most 
reliable  and  flexible  material  for  wire,  cable,  and  stavs,  possessing 
the  "greatest  strength  for  the  least  weight"  Imown  in  the  wire  indus- 
try. We  know  its  advantages  and  we  Know  its  disadvantages.  The 
fact  that  the  mechanical  properties  of  steel  wire  and  cable  are  seriously 
affected  by  corrosion  is  so  well  known  that  it  must  be  guarded  against. 
As  the  damage  done  is  a  fimction  of  time  as  well  as  intensitv  of  chemi- 
cal or  electro-chemical  action  on  the  improtected  steel,  we  have 
investigated  the  question  of  retarding  corrosion  in  the  steel  itself  to 
as  great  a  degree  as  possible.  We  have  found  that  pure  iron  retards 
corrosion  to  a  greater  degree  than  the  more  impure  steel — ^but  we  have 
also  fo\md  that  in  highfy  extenuated  filaments  of  these  two  metals, 
as  in  wire,  the  difference  in  rate  of  corrosion  is  practically'^egligible. 
especially  when  the  total  life  of  the  wire  protected  by  an  external 
coating  such  as  galvanizing  is  taken  into  consideration.  We  have 
found  the  use  of  special  deoxidizers  and  cleansers  questionable  and 
have  not  adopted  them. 

The  use  of  protective  coating  on  steel  wire  or  cable  is  a  very  broad 
subject.  ^  Hot  galvanized  unwiped  wire  is  imdoubtedly  the  best  pro- 
tected wire  for  the  purpose,  v  erv  hard  wires  and  very  fine  sizes  of 
hard  wire  are  likely  to  become  brittle  at  the  temperature  of  hot 
galvanizing,  and  the  next  best  coating  available  is,  therefore,  a  tin 
coating.    Both  of  these  metal  coatings  should  be  further  protected 
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by  frequent  applications  of  paint.  As  a  protection  to  the  galvaniz- 
ing, a  coat  of  red-lead  paint  should  be  applied  after  the  stay  is  assem- 
bled and  the  red  lead  protected  by  a  coat  of  graphite  paint. 

The  care  with  which  inspections  are  made  from  time  to  time  and 
the  efficient  maintenance  of  the  paint  on  the  wires  really  determines 
the  life  of  the  combination.  This  has  been  proven  absolutely  by  the 
very  extensive  use  and  treatment  of  galvanized  steel  on  board  ship 
for  many  years. 

Nickel  plating  is  out  of  the  question  for  wires  to  be  bent  or  twisted 
into  cable.  Fiu'thermore,  nickel  is  absolutely  injurious  where  the 
initial  purely  chemical  action  on  the  intact  nickel  surface  ceases  and 
electro-chemical  action  between  steel  and  nickel  begins  at  such  spots 
when  steel  is  exposed. 

We  beUeve,  therefore,  that  tinning  and  galvanizing  are  to-day  the 
most  satisfactory  coatings  for  steel  wire  that  can  be  employed.  Thej 
do  not  actually  represent  the  final  and  efficient  protection  which  is 
necessary  in  aeroplane  constVuction,  as  this  is  secured  by  the  repeated 
application  of  pamt.  These  coatings  are,  however,  an  efficient  guard 
against  corrosion  preliminary  to  service  conditions  in  the  plane  and 
abo  serve  to  prevent  corrosion  and  consequent  damage  to  the  steel 
cables  and  sta^ys  in  service  when  the  paint  may  have  oeen  accident- 
ally rubbed  off. 

RECAPITULATION. 
WIBE  STATS. 

As  shown  by  tests,  the  terminal  fastening,  figures  13  and  14,  on 
plate  No.  1,  are  efficient,  simple,  and  readily  attached,  and  we  beUeve 
solve  the  question. 

For  shop  attachment  figure  13  or  14  would  be  used  in  connection 
with  shackles  and  clevises,  and  for  attaching  to  tumbuckle  eye  or 
other  closed  eyes  use  figure  15. 

For  field  attachment  use  either  figure  14  or  15. 

Plates  No.  8  and  No.  9  also  show  these  terminal  connections. 

WIBE  SPECIFICATIONS  FOR  STAY  WIBES. 

Plate  No.  2  and  pajges  10  and  11  of  this  report  ^ve  specifications 
for  wire  having  the  highest  possible  strength,  togeUier  with  the  nec- 
essary ductility  for  manipulation,  and  ia  we  result  of  many  years  of 
experimenting  in  cooperation  with  engineers  and  manufacturers  of 
aeroplanes. 

19*wire  strmnd  stays. 

Plates  No.  3  and  No.  4  give  the  strength  of  this  strand,  also  the 
strength  of  same  as  stays  using  the  thimole  eye  sphce  for  terminal 
connection,  and  judging  from  tests  as  given,  tnis  connection  is  effi- 
cient, neat  in  appearance,  and  reliable. 

Plate  No.  11  gives  taole  of  stay  strength  when  the  ends  of  the 
strand  are  looped  and  soldered.  The  efficiency  of  this  connection 
is  a  maximum,  but  the  use  of  acid  and  solder  are  objectionable,  and 
we  believe  the  thimble  eye  sphce  with  slightly  lower  efficiency  is 
preferable. 
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We  understand  ^-inch  diameter  strand  is  the  lareest  diameter 
used,  but  judging  from  present  deyelopment  lamr  diameter  will 
be  required  and  it  will  be  found  that  the  thunbfe  eye  splice,  also 
the  ends  looped  and  soldered,  wiU  not  give  the  same  emcienc^  as 
the  diameter  mcreases  and  we  believe  the  use  of  sockets  for  ^-mch 
diameter  and  larger  may  be  desirable. 

Plate  No.  10  snows  two  types  of  sockets. 

For  making  terminal  connection  of  strand  in  the  field,  we  believe 
the  arrangement  shown  on  plate  No.  9  is  best,  as  it  gives  90  per  cent 
efficiency  and  is  readily  attached  by  the  average  man  and  does  not 
require  the  use  of  acid,  solder,  or  blow  torch. 

7  by  19  cord  stays. 

Plates  No.  5  and  No.  6  show  the  7  by  19  rope  which  is  flexible, 
elastic,  and  lends  itself  readily  to  thimble  splice,  ^ving  very  uniform 
efficiency  and  has  the  advantage  of  higher  efficiency  for  diameters 
between  %  and  J^  inch. 

We  have  determined  by  tests  that  the  socket  connection  alone 
2ive3  higher  efficiency  than  the  thimble  eye  splice  on  7  by  19  cord, 
out  hs  a  general  proposition  beUeve  the  thimble  eye  splice  is  entirely 
suitable  lor  stay  construction. 

For  a  field  connection  plate  No.  9  shows  the  most  suitable  type. 

CONCLUSIONS. 

The  tests  as  ^ven  show  that  it  is  possible  to  furnish  efficient 
terminal  connections  for  wire,  strand,  and  7  bv  19  cord,  and  eliminate 
the  use  of  acid,  solder,  and  blow  torch,  and  this  report  as  a  basis  wiQ 
allow  a  more  thorough  investigation  on  similar  lines. 

We  are  imable  to  detennine  from  aeroplane  manufacturers  why  it 
is  necessary  to  use  the  solid  wire,  19-wire  strand,  and  the  7  by  19  cord 
for  stays.  It  is  self-evident  that  the  wire  stay  is  less  elastic  than  the 
19-wire  strand,  also  that  the  strand  is  less  elastic  than  the  7  bv  19  cord, 
also  the  strength  varies  considerably,  as  can  be  determined,  by  com- 
parison of  tables  as  given  before,  and  to  allow  a  quick  comparison  we 
give  below: 

Compariion  ofitay  itrength. 


MaterW. 

I)kiii0tar. 

Strength  of 
material. 

Strength  of 
stay. 

Wire 

/mft. 

Poundt. 
6,500 
4,600 
4,200 

P<nmd$. 
5,100 
4,100 
3,500 

Stnnd 

7  by  19  cord 

American  practice  covers  both  the  wire  and  19-wire  strand  stay  and 
foreign  practice  requires  the  use  of  7  by  19  cord  for  stay. 

The  table  above  shows  how  much  more  efficient  the  wire  and  strand 
stays  are  for  the  same  diameter  and  therefore  we  are  led^to  believe 
there  are  other  considerations  just  as  important  as  strength,  such  as 
the  elastic  stretch  of  stays,  flexibility  and  fatigue  values  of  material 
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which  may  be  governed  by  the  construction  of  stay,  and  we  believe 
these  points  should  be  investigated  under  field  conditions  as  well  as 
laboratory  tests. 

We  hoped  to  give  this  report  stress-strain  diagram  for  the  soUd  wire, 
19-wire  strand,  also  7  by  19  cord,  so  that  the  modulus  of  elasticity 
could  be  determined  for  any  desired  load  and  elastic  stretch  of  stay 
calculated  for  comparison.  We  were  unable  to  complete  our  tests  in 
time,  and  therefore  if  you  decide  this  is  of  value  we  will  be  pleased  to 
submit  these  diagrams  and  any  other  data  developed.  If  vibration  of 
stays  is  a  factor,  the  relative  fatigue  value  of  the  three  constructions 
would  give  interesting  data. 

Respectfully  submitted. 

John  A.  Roeblino's  Sons  Co., 
By  C.  C.  Sunderland,  Engineer. 

(Investigations  imder  direction  of  C.  C.  Sunderland,  H.  J.  Horn, 
and  D.  Green.) 
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PBEUMINART  REPOBT  ON  THE  PROBLEM  OF  THE  ATMOS- 
PHERE IN  RELATION  TO  AERONAimCS. 


United  States  Weather  Buesau, 
WasMngtoUj  D.  C,  November  9 j  1916., 

Gbmtlemen:  The  particular  work  comprising  the  mibiect  of  this 
report  has  been  undertiJcen  puTsuant  to  an  allotment  by  Dr.  Charles 
D.  Walcott,  Secretajy  of  the  Smithsonian  Institution,  of  S2.500,  made 
available  through  the  Secretary  of  Agriculture  to  the  Chief  of  the 
Weather  Bureau.  At  the  meeting  of  the  executive  committee  held 
June  11, 1915,  the  chairman,  Dr.  Charles  D.  Walcott,  was  authorized  to 
desigiiate  Charles  F.  Marvin,  Chief  of  the  Weather  Bureau,  as  chairman 
of  a  subcommittee  to  investigate  and  report  upon  the  problem  of  the 
atmosphere  in  relation  to  aeronautics.  He  was  requested  to  select 
other  members  of  the  subconunittee,  not  to  exceed  four,  and  Profit. 
WilUam  J.  Humphreys  and  William  B.  Blair,  of  the  United  States 
Weather  Bureau,  sulisequently  consented  to  act  as  members  of  the 
subcommittee. 

At  the  meeting  of  the  executive  conunittee  held  August  5^  1915,  a 
proposal  of  work  to  be  undertaken  was  outlined  by  the  chauman  of 
the  subcommittee  on  the  atmosphere  in  relation  to  aeronautics,  the 
substance  of  which  is  briefly  quoted  as  follows: 

Hie  Weather  Bureau  ia  already  in  poosqodon  of  an  immense  amount  of  data  concern- 
inff  atmospheric  conditions,  Including  wind  movements  at  the  earth's  surface.  This 
intonnation  is  no  doubt  of  distinct  -v«lue  to  aeronautical  oi>eratiQns,  but  it  needs  to 
be  collated  and  put  in  fonn  to  meet  the  requirements  of  aviation.  The  bureau  also 
bu  a  considerable  amount  of  determinations  of  atmospheric  conditions  in  the  free  air. 
Most  of  these  observations  were  made  at  Mount  Weather,  but  others  have  been  made  at 
a  few  points  in  the  West,  such  as  Huron,  S.  Dak. ;  Fort  Omaha,  Nebr. ;  Avalon,  Gal. ; 
and  afew  aboard  the  Ckiast  Guard  cutter  Seneca,  during  the  past  summer  while  this 
veflBel  was  engaged  on  ice  patrol  off  the  Newfoundland  coast.  Portions  of  these 
data  also  are  undoubtedly  valuable  to  aviation,  but  it  is  quite  apparent  that  but  a 
■nail  fraction  of  the  material  needed  to  meet  the  requirements  of  aeronauticai  work 
thioij^ut  the  United  States  Is  available,  and  that  therefore  much  additional  obser- 
vation work  is  necessary. 

In  considering  the  work  that  riiould  be  done  along  these  lines,  further  cooperation 
is  needed  by  the  Weather  Bureau  with  those  actually  engaged  in  aeronautical  opera- 
tions, and  with  this  need  in  view  Prof.  Blair,  a  member  of  the  subcommittee,  has 
abeady  been  in  conference  with  Ifr.  F.  R.  McCruv,  acting  director  of  naval  aero- 
nautics. It  is  proposed  to  utilize  the  fund  made  avaihble  by  the  Smithsonian  Institu- 
tion to  undert&e  a  careful  compilation  of  the  data  already  available  in  the  Weather 
Bureau  records,  this  compilation  to  be  along  lines  that  wul  make  the  data  available 
to  aviation;  also  that  admtional  observations  be  undertaken  to  gain  information  con- 
cerning atmospheric  conditions  by  means  of  pilot  baUoons,  the  position  and  motions 
of  vbidi  arerecQffded  by  theodolites  and  such  other  apparatus  as  the  work  may  require . 
It  may  be  proper  to  state  at  this  point  that  the  Weatner  Bureau  is  already  conducting 
aerial  investmtions  of  direct  interest  to  meteorok)gy.  and  that  the  new  work  herein 
proposed  will  be  supplementary  and  in  addition  to  tne  work  the  Weather  Bureau  is 
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already  perfonning.  EmbairaflBment  has  been  ex^iienced  in  the  progress  of  this  work 
since  the  European  war  on  account  of  the  inability  to  procure  serviceable  rubber 
balloons.  A  manufacturer  in  Ohio  has  undertaken  to  supply  these,  and  has  submitted 
a  considerable  number  of  samples  and  full-sized  balloons.  So  far,  however,  the  results 
have  been  almost  a  complete  failure,  on  account  of  the  seeming  inability  to  eecure 
the  necessary  strength  and  gas  tightness  at  the  seams.  Work  is  still  in  progress,  how- 
ever, on  the  manufacture  of  the  balloons,  and  we  are  hopeful  of  more  favorable 
results  in  the  future. 

The  following  outline  indicates  approximately  the  subject  matter 
of  a  meteorological  character  it  is  expected  to  include  in  the  proposed 
publications: 

ATMOSPHEBIC  CONDITIONS  IN  RELATION  TO  AERONAUTICS. 

1.  Intboduotion. — ^Brief  presentation  of  a  few  fundamental 
principles  and  data  rdiating  to  general  atmospherio  conditions  and 
motions  and  forming  a  basis  for  the  subsequent  discussion  of  relations 
of  temperature  pressure  and  motions  of  the  atmosphere. 

Chapter  I.— General  meteorological  and  ciimatological  data 
selected  and  classified  with  respect  to  its  bearing  on  aeronautics. 
The  data  should  show  general  surface  conditions  of  weather,  tem- 
perature, sunshine,  rain,  thxmderstorms.  humidity,  and  wind  velocity 
and  directions j  also  comprise  as  full  information  concerning  ayeri^ 
free-air  conditions  as  the  scanty  data  available  permit. 

Chapter  II. — ^A  discussion  of  particular  and  local  atmospheric 
conditions  as  affecting  aviation. 

Chapter  III. — General  presentation  of  free-air  conditions  ar- 
ranged with  relation  to  surface  conditions. 

C&apter  IV. — ^Instruments  with  special  reference  t-o  aviation. 

Chapter  V. — ^Miscellaneous  useful  material  not  otherwise  in- 
cluded. 

Appendix. — Formula  and  practical  tables. 

The  practical  closing  of  Euro|>ean  markets  for  certain  instrumental 
suppUes  has  prevented  procuring  recording  theodolites  of  special 
construction  needed  in  studying  atmosphenc  motions  b;^  means  of 
pilot  and  sounding  balloons.  A  type  of  instrument  of  tms  kind  has 
been  desired  ana  efforts  are  being  made  to  secure  the  manufacture 
in  the  Umted  States  of  a  small  supply  for  the  Weather  Bureau  work. 

Difficulties  are  still  encountered  m  procuring  in  the  United  States 
a  good  quality  of  rubber  balloons  for  atmospneric  explorations. 

Mention  is  made  at  this  point  of  a  special  form  of  camera  adapted 
to  make  a  photograph  on  a  single  plate  of  the  entire  sky  from  horizon 
to  zenith.  This  has  been  developed  and  tried  out  by  Mr.  Fred  W. 
Mueller,  with  the  advice  and  assistance  of  Dr.  O.  L.  Fassig,  both  of 
Baltimore,  Md.  The  instrument  is  fully  described  and  illustrated  in 
the  Monthly  Weather  Review. 

Smce  the  publication  of  that  paper  I  am  informed  by  Dr.  Fassig 
that  Ifr.  Mueller  has  greatly  improved  t«he  mechanical  arrangements 
of  the  camera^  so  that  the  same  results  can  be  obtained  in  a  simpler 
manner.  It  is  bdieved  the  device  may  have  some  special  use  in 
aeronautics  as  well  as  meteorology. 

C.  F.  Marvin, 
Chairman,  Svhcomfmttee  on  the  Atmosphere  in 

Relation  to  Aeronautics. 

National  Advisory  Comhittbe  for  Aeronautics, 

Washington,  D.  O. 
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BEUTIVB  WORTH  OF  IMPROYEMENTS  ON  PABRICS. 

Bf  Tam  Qoodtbab  T»a  and  Bubbbs  Oo. 


If  one  seeks  to  determine  the  qualities  which  offer  the  best  chance 
for  improvement,  without  knowing  as  yet  the  exact  means  for  effecting 
such  improvemeni,  the  procedu)^  is  as  follows: 

Assume  that  in  a  theoretically  perfect  fabric  each  of  the  following 
qualities  would  be  reduced  to  zero: 
Weight  (per  unit  strength). 
Diffusion* 

Bate  of  depreciation  (dollars  per  year). 
Heating  ccMffident. 
Interest  and  insurance. 
Moisture  absorotion. 
It  may  be  admitted  that,  in  practice,  certain  of  the  above  qualities 
can  not  possibly  be  reduced  below  the  well-recognized  minimum  of 
terrestrial  materials,  but  tiiis  minimum  is  in  every  case  so  near  zero, 
compared  to  the  figures  for  ordinary  balloon  fabric,  that  the  point  is 
of  no  practical  importance. 

Apmying  the  results  to  a  dirigible  and  taking  the  items  one  at  a 
time:  u  the  weight  of  fabric  is  reduced  to  the  assumed  minimum  it 

will  save  -w  of  the  total  running  expense  of  the  dirigible;  where  W  is 

the  total  weight  of  fabric  saved  and^  V  is  the  useful  load  carried. 

H  diffusion  is  entirely  eliminated  it  will  save  the  entire  cost  of  gas 
(including  labor  and  overhead)  except  that  which  escapes  through 
the  valves,  the  interest  on  the  original  inflation,  and  liability  to  acci- 
dental deflation. 

If  the  fabric  is  made  infinitely  durable  it  will  save  all  the  deprecia- 
tion of  the  gas  bag  except  that  due  to  accidental  injury. 

If  the  heating  coefficient  is  reduced  to  zero  it  will  save  the  running 
expense  of  that  part  of  the  control  system  which  serves  to  correct  the 

effects  of  heating,  plus  —  of  the  total  running  expense  of  the  diri- 

^ble;  where  w[  is  the  weight  of  apparatus  saved. 

If  cost  is  entirely  eliminated  it  will  save  the  interest  and  insurance 
on  the  fabric  (exclusive  of  buildin£  up). 

If  the  moisture  absorption  is  reduced  to  zero,  it  will  save  the  cost 

of  apparatus  to  correct  it,  phis  —  of  the  total  running  expense  of  the 
diri^Ue,  where  to''  is  the  weight  of  apparatus  saved. 
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Assume  now  a  modem  nomrigid  dirigible  of  500,000  cubic  feet 
capacity  and  speed  of  40  miles  per  hour.  Other  data  could  be  reason- 
ably expected  as  follows: 

W=  weight  of  fabric  =  5,000  pounds. 

JJ^  averse  useful  load  »  6,000  pounds. 

10,000  miles  per  year. 

Gross  running  expense,  $100,000  per  year. 

Gas  leakage,  0.5  per  cent  per  day. 

Reinflation  every  three  months. 

Gas  and  inflation  cost  at  10.01  per  cubi&  foot  (pUis.  aUowance 

of  S10,000  for  idle  tune),  $40,000  per  year. 
Depreciation  of  gas  bag  (from  weathmng  and  ordinary  wear), 

S20,000  per  year, 
ii;' a  weight  of  neat-control  apparatus  (planes,  fuel,  and  bal- 
last), 1,200  pounds. 
Interest  and  insurance  (military)  on  fabric,  $15,000  per  year. 
ic^'b  weight  of  apparatus  to  counteract  moisture  absorption 
(planes  ana  ballast),  500  pounds. 
The  above  data  works  into  the  following  figures  which  show  the 
gross  expense  chargeable  to  each  of  the  items  named: 

Per  year. 

Weight $82,000 

Diffuadon 40,000 

Depreciation 20,000 

Heating 20.000 

Interest  and  incnuance 15, 000 

Moisture  absorbtion 8,000 

(These  figures  are  of  course  largely  overlapping  and  can  not  be 
summed  up  into  a  total.) 

Expressed  on  a  percentage  basis  for  the  various  qualities  sought  for, 
we  get  roughly  the  following: 

Quality:  Belativ«  Unportanoe. 

lightness 44 

Gas  l^htnesB 22 

Dtirabilit^  (dollars  per  year) 11 

Low  heating 11 

Cheapness 8 

Low  moisture  absorbtion 4 

100 

For  proportional  improvement  it  will  be  seen  that  lightness  is  b^ 
far  the  most  desirable  quality,  while  mere  cheapness  of  fabric  la 
almost  the  last  thing  to  be  sought. 

The  table  also  furnishes  means  of  determining  whether  a  proposed 
change  in  the  deogn  of  a  fabric  is  worth  while. 

In  effecting  a  certain  improvement  other  qualities  are  generaUy 
affected  at  the  same  timci  sometitties  adversely.  To  determine  tiia 
degree  of  net  improvement  multiplv  the  per  cent  improvement  in  each 
ouaUty  b^  its  quaUty  gauge  numberi  and  add  up  the  products.  If 
tne  result  is  positive  a  net  improvement  has  been  effectea  proportional 
to  the  magmtude  of  the  figmre.  For  instance  a  5  per  cent  saving  in 
wei^t  would  he  worth  wmle  even  if  accompanied  by  a  20  per  cent 
increase  in  cost,  other  things  remaining  the  same. 

It  should  be  carefully  noted  that  this  particular  scale  of  improve- 
ments is  strictly  applicable  only  to  a  ship  of  approximately  the  char- 
acteristics above  named,  and  to  that  only  under  certain  meed  oondi- 
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tioDs  of  operation.  It  is  only  taken  as  a  rough  guide  to  present  daj 
dirigibleB  m  general.  Whenever  the  fabric,  the  dirigible  or  its  con- 
ditions of  use  are  much  changed,  the  fabric  improvement  scale  must 
be  changed  accordinglv. 

It  has  been  argued  hj  some  that  the  economic  basis  of  design  can 
not  be  applied  at  all  to  nulituy  work.  With  this  I  decidedly  do  not 
agree.  It  is  true  only  to  the  extent  that  certain  items  of  cost  such 
as  initial  investment  are  often  of  small,  sometimes  negligible,  im- 
portance compared  with  other  items.  But  if  the  analysiB  is  complete, 
it  ma^  be  put  squarely  on  an  economic  basis,  it  being  only  necessary 
to  estimate  the  tnu  saving  for  each  of  the  possible  improvements 
above  named,  apj^ied  to  me  partieular  requirements  ana  eondUionB 
gwerning  (he  ease  in  hand. 

It  is  evident  from  what  has  been  said  that  for  a  dirigible  of  certain 
leqoired  specifications  a  definite  eouation  exists  connectiujg  all  the 
major  qualities  of  the  fabric^  from  wnich  the  fabric  may  be  rigidly  de- 
siped  with  respect  to  maximum  ultimate  economy. 

llie  same  prmciples  apply  to  balloons  and  aeroplanes.  For  an 
80|000  cubic  foot  spnerical  oalloon  (the  Ooodyear),  the  following  order 
prevails  if  used  for  passenger  flights  (1  day  trips). 

lightness 82 

Duiibility 22 

Low  heating 20 

GheapnesB 16 

Low  moistare  abflorbtion 8 

GastightneflB 2 

For  a  100  horsepower  tractor  biplane  the  same  six  qualities  run 
approximately: 

LightnefiB ." ^ 80 

Durability 20 

OheaimeeB 15 

Low  moiBtare  abaorbtion 5 

Airtightnen trifling. 

Low  heating •**.  0 

AuQXJBT  17, 1915: 
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.   PART  1. 


BALLOON  AND  AEROPLANE  FABBIC& 

By  Wiuis  A.  Oibbonb  and  Oiiab  H.  Smixk. 


XoTE.— Although  usually  aModated,  for  obvious  reaaooSitbaUoaii  and  aeroplane  fab- 
nc0  have  actually  become  00  dissimilar  in  many  respects,  such  as  materials  of  con- 
struction and  requirements  for  satisfactory  results,  that  for  the  most  jgart  the  two 
will  be  discussed  separately.  The  tearing  and  surface  friction- tests,  bdns  common 
to  both,  are  exceptions  to  this  rule.  The  plan  followed  as  far  as  possible  in  this 
T0pmt  has  been  to  give  fint  the  results  of  the  various  parts  of  the  investigation, 
with  such  descriptive  matter,  data,  and  plates  as  aie  necessary  to  maJce  the  results 
dear.  The  data  and  other  details  are  given  in  the  appendix.  For  convenience 
the  data  is  grouped  somewhat  differently  in  the  appendix,  without,  it  is  thought, 
cauang  any  confusion. 


SUMMARY. 

The  following  conclusions  are  drawn  from  the  results  of  our  tests 

hereinafter  described.    It  must,  however,  be  remembered  that  they 

tte  based  almost  entirely  on  experiment,  so  care  must  be  used  in 

Applying  them  extensively  untu  they  have  been  tried  in  actual 

practice. 

COATING  MATERIALS. 

(1)  By  proper  treatment  fabrics  can  be  made  noninflammable 
even  though  coated  with  cellulose  nitrate  varnish  followed  by  spar 
yanuslL 

(2)  The  ordinary  cellulose  acetate  dopes  do  not  make  fabric  fire- 
proof^ although  themselves  noninflammable.  This  applies  particu- 
larly m  the  case  of  fabrics  doped,  then  coated  with  spar  varnish. 

(3)  Fabrics  coated  on  one  side  with  rubber,  with  the  other  side 
doped,  would  probablv  give  a  satisfactory  tigntening  effect  and  at 
the  same  time  resist  damp  weather  better. 

(4)  Maximmn  efficiency  can  apparently  be  best  obtained  by  not 
stretching  the  cloth  too  tightly  on  the  wines  before  coating. 

(5)  Stretching  and  tearing  tests  give  valuable  information  regard- 
ing the  suitabiEty  of  fabrics  and  should  be  considered  in  adcQtion 
to  the  tensile  strength.  The  area  inclosed  by  the  stretch-load, 
curve,  representing  the  work  done  to  break  the  strip,  gives  an  idea 
^  to  its  resistance  to  shocks,  etc. 

U9 
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BALLOON  FABRICS. 

(1)  Permeability  increases  sreatly  with  temperature — about  4 
per  cent  per  decree  C.  for  samples  tested. 

(2)  Teste  made  on  fabrics  with  varying  weights  of  rubber  indicate 
that  permeability  is  not  directly  proportional  to  the  thickness  of  the 
layer. 

(3)  Tearing  tests  show  a  great  superiority  of  bias  over  parallel 
doubled  f  abncs. 

SUBFACE  FRICTION  TESTS. 

(1)  For  very  smooth  surfaces  the  surface  friction  varies  ynih  the 
1.8-1.85  power  of  the  velocity;  the  exponent  increases  with  the 
roughness,  approachiDg  2  for  fabrics  with  nap  on  the  surface. 

(2)  Vamisned  fabrics  have  nearly  as  low  a  resistance  as  plate 
glass.  The  resistance  increases  greatly  as  the  surface  becomes 
rougher  from  the  presence  of  loose  fibers. 

Part  I.— AEROPLANE  FABRIC. 

1.   MATEBULS  USED. 

Bv  far  the  greater  part  of  the  aeroplanes  in  use  to-day  have  wings 
made  ot  a  textile  fabric,  usually  linen^  coated  with  a  more  or  less 
waterproof,  practically  nonelastic  varnish.  This  is  ordinarily  some 
fprm  of  cellulose  acetate,  or  less  frequently  cellulose  nitrate,  with 
more  or  less  softening  material  added,  and  some  suitable  solvent. 

It  is  ordinarily  the  practice  to  apply  three  or  more  coats  of  this 
varnish,  rubbing  down  with  sandpaper  after  the  coatine  is  dry, 
after  wnich  one  or  two  coats  of  high-grade  linseed  oil  vamisn,  prefer- 
bly  a  spar  varnish,  are  applied. 

1.   COATINGS. 

The  ceUulose  acetate  or  nitrate  lacquer  is  chiefly  useful  because  it 
acts  as  a  sort  of  waterproof  sizing,  which  shrinks  the  doth  more  or 
less,  and  prevents  it  from  changing  in  tension  with  the  hygroscopic 
conditions  of  the  atmosphere.  The  spar  varnish  protects  this  layer, 
which  often  shows  a  tendency  to  peel,  and  makes  the  wing  more 
waterproof. 

This  form  of  treatment  is  convenient,  and  the  materials  fairly 
easy  to  obtain.  On  the  other  hand  it  could  hardly  be  called  perma- 
nent; the  varnish  or  dope,  as  it  is  commonly  called,  must  be  applied 
to  the  wings  of  a  machine  every  few  weeks,  if  the  machine  sees  much 
service.  / 

Another  defect  noted  probably  more  by  the  United  States  military 
branches  than  abroad,  is  that  due  to  deterioration  of  the  underside  of 
the  fabric  from  moisture  and  bacteria.  The  dopes  owe  their  shrinking 
action  to  the  fact  that  they  aro  colloids,  and  as  such,  when  applied 
to  the  doth,  do  not  penetrate  but  remain  on  one  side.  As  the  solvent 
evaporates,  the  gel  decreases  in  volume.  The  most  evident  decroase 
is  01  course  in  the  thickness  of  the  layer,  but  there  is  naturally  a  ten- 
dency for  the  other  two  dimensions  of  the  layer  of  drying  varnish 
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to  decrease,  causing  the  well  known  shrinking  effect.  Other  colloids 
produce  the  same  effect;  for  example,  glue.  Another  example  is 
the  common  gummed  lahel,  which  being  unable  to  shrink,  curls  up. 
At  Vera  Cruz  it  was  fctoid  that  there  was  considerable  tendency  for 
the  uncoated  side  of  the  wines  to  rot,  owing  to  this  lack  of  penetra- 
tion. On  the  other  hand,  those  varnishes  which  penetrate  do  not 
produce  the  shrinking  effect. 

2.   FABBICS. 

Of  the  fabrics  linen  is  the  most  satisfactory.  Ramie  and  cotton 
hare  been  used  to  some  extent,  but  the  former  is  difficult  to  obtain 
and  the  latter  does  not  take  the  varnish  so  well  as  the  linen  and 
tears  much  easier. 

Practically  all  of  the  linen  suited  for  this  purpose  comes  from 
abroad,  chiefly  from  Ireland.  An  investigation  of  the  relative 
weights  and  strengths  obtainable  is,  particularly  at  the  present  time, 
rather  difficult  to  make  complete.  Added  to  this  there  is  the  diffi- 
culty of  obtaining  material  of  exactly  the  same  grade  from  time  to 
time.  The  fabrics  in  general  use  weigh  3|  to  4}  ounces  per  square 
yard,  and  have  a  tensde  strength,  tested  at  about  65  per  cent  hu- 
midity, of  from  60  to  70  pounds  per  inch  for  the  lighter  weight  to 
100  pounds  per  inch  for  the  heavier  weight. 

In  the  following  experiments  we  have  used  two  ^ades  of  linen, 
No.  1,  called  high  ^aae,  bein^  about  the  best  matenal  immediately 
obtaiaable  in  siSficient  auantities  for  our  work,  and  No.  2,  medium 
grade.  Hie  No.  1  weigns  4.6  ounces  per  sauare  yard  and  has  a 
teDfflle  strength  of  about  90-95  pounds  per  inch  waip  and  60  pounds 
filling.  The  No.  2  medium  grade  weighs  about  3.8  ounces  per 
square  yard  and  has  a  strength  of  about  65  pounds  warp,  50  pounds 

DOPES. 

The  varnishes  or  dopes  used  were  three  representative  products 
obtained  in  this  country.  The  cellulose  acetate  varnishes  are  prob- 
ably far  from  perfect,  owing  to  the  difficulty  of  obtaining  a  sat* 
isfactory  product  in  uiis  country.  We  understand  that  the  latest 
European  material  of  this  sort  is  a  vast  improvement  on  anything 
heretofore  produced. 

The  solvents  for  cellulose  acetate  commonly  used  are  acetone  or 
tetrachlorethane.  The  latter  is  said  to  be  rather  dangerous  on 
account  of  its  poisonous  properties,  and  care  should  be  used  to 
aDow  the  vapors,  which  are  heavier  than  air,  to  pass  through  ven- 
tilating openings  in  the  floor. 

Mention  must  also  be  made  of  a  material,  the  use  of  which  in 
Europe  has  been  mentioned  in  news  reports.  This  is  a  transparent 
cdluloid  made  of  cellulose  acetate  compounded  with  a  camphor 
substitute  and  used  in  the  form  of  a  thin,  transparent,  noninflamma- 
ble  filieet.  Hiese  are  used  for  wings  instead  of  cloth,  and  are  said 
to  be  very  difficult  to  see  at  a  height  of  a  few  thousand  feet.  Whether 
this  18  so  or  not  tiiere  is  of  course  ^is  advantage,  that  ike  pilot 
can  have  a  much  wider  field  of  view  than  with  ordinary  wings. 
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We  were  fortunate  in  obtaining  sheets  of  this  material, 
are  of  practically  the  same  strength  in  both  directions. 


They 


Thickness. 

Weight  (ounces 
persona., 

• 

Tensile 

strength 

(pounds  per 

inch),  about— 

10/1000 
64/1000 

9.33 
59 

55 
325 

Complete  data  are  given  elsewhere. 

While  the  thickest  sheets  are  of  course  too  heavy  ioy  wings,  they 
might  be  used  for  other  purposes  as,  for  example,  flooring. 

n.   STBENGTH,  STRETCHING,  AND  AGING  TESTS. 

1.    STRENGTH. 

The  samples  on  which  these  tests  are  based  were  made  in  two  ways : 
(1)  The  method  used  in  most  cases,  except  when  otherwise  specified: 
The  linen  was  stretched  moderately  on  a  frame  about  3  by  4  feet,  and 
fastened  by  tacking.  The  dopes,  etc.,  were  applied  to  this.  (2)  The 
second  way  (used  only  in  special  cases) :  The  linen  was  doped  without 
first  being  stretched  on  a  rrame. 

(1)  In  general  there  is  a  gain  in  tensile  strength  due  to  the  dope. 
No  added  effect  was  observed  from  the  varnish. 

(2)  With  a  high-grade  linen  No.  1 ,  the  increase  in  stren^h  amounted 
to  about  10  to  16  per  cent.  With  a  medium  grade,  the  mcrease,  par- 
ticularly in  the  filler,  was  much  higher,  about  40  to  60  per  cent. 

(3)  Tests  made  on  high-grade  Bnen  No.  1,  coated  without  being 
stretched  on  a  frame,  showed  a  much  higher  tensile  increase — ^in  the 
neighborhood  of  40  per  cent  in  some  cases.  In  the  first  samples, 
stretched  fairly  tight  before  coating,  there  was  evidently  not  much 
shrinkage,  in  the  latter  samples  the  doth  shrunk  at  will,  in  some 
cases  3  or  4  per  cent.  In  specifying  the  increase  in  strength  due  to 
dopes,  the  method  of  coating  is  therefore  of  importance.  The  first 
tests  probably  approach  more  nearly  the  conditions  of  use  on  the 
aeroplane. 

(4)  Linen  coated  with  rubber,  with  or  without  dopes,  is  stronger 
than  uncoated  hnen. 

(5)  Medimn-grade  linen  shows  a  greater  increase  in  tensile  than 
high-grade  linen,  in  some  cases  about  twice  as  great  an  increase  being 
olServed. 

2.   STBETOH. 

The  stretch  at  different  loads  was  measured  for  several  different 
samples  and  curves  plotted.    The  following  points  were  noted: 

(1)  The  stretch  is  less  up  to  a  certain  loa^  with  coated  fabrics  than 
with  the  same  fabric  uncoated. 

(2)  There  is  no  decided  difference  between  cellulose  acetate  and 
cellulose  nitrate  dopes.  The  latter  is  usually  supposed  to  give  less 
shrinking  than  the  acetate.  It  is  possible  tnat  this  view  arises  to 
some  extent  at  least  from  the  fact  that  fabrics  coated  with  the 
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nitrate  yamish  are  often  more  flexible  than  the  others,  and  therefore 
appear,  on  a  frame,  less  taut. 

(3)  Spar  varnish  slijghtly  decreases  the  stretch. 

(4)  Lmen  coated  with  rabber  has  a  greater  stretch  than  the  linen  ^ 
withcmt  rubber,  the  latter  being,  for  example.  13  per  cent  at  96  pounds  * 
break,  the  former  16^  per  cent  at  100  pounds. 

(5)  Medium-grade  unen,  while  it  acquires  a  relatively  greater 
strength  increase  due  to  coating,  has  both  coated  and  uncoated  a 
lower  ultimate  stretch. 


Break. 

Stratdi. 

High-grftdft  linftTi  No.  1 

Poundt. 
90-95 

100 
65 

78 

Percent. 

m 

»ia7 

High-grade  linen  No.  1  coated  with  var- 
niifh  1R77 

Medium-grade  linen  No.  2 

Medium-grade  linen  No.  2  coated  with 
varDiflh  1877 

>  By  extrapolation. 


3.   EFFICIENCY. 


Whfle  it  is  desirable  to  have  a  wing  material  which  will  not  easily 
sag,  at  the  same  time  it  is  also  important  to  have  a  fabric  ^deld 
rather  than  break  imder  load.  A  material  which  has  this  ability 
win  often  by  yielding  reduce  the  stress,  and  so  stand  usage  which 
would  otherwise  be  disastrous. 

A  convenient  index  of  this,  which  for  want  of  a  better  term  we 
can  the  efficiency  of  the  fabric,  is  the  work  required  to  break  a  piece 
say  1  inch  wide  and  12  inches  long.  This  is  represented  by  the  area 
included  by  the  stress-stretch  curve.  We  have  calculated  this  value 
for  the  various  materials  examined.  The  details  and  data  are  given 
dsewhere,  but  the  following  points  may  be  mentioned  here,  observa- 
tions being  based  on  breaking  in  the  direction  of  the  warp,  since  the 
fillers  do  not  show  such  marked  differences. 

(1)  When  the  Unen  is  fastened  to  a  frame  under  fairly  strone  ten- 
sion, as  would  ordinarily  be  done  in  covermg  a  win^  surfivce,  and  then 
coated,  the  work  required  to  break  a  niece  of  given  dimensions  is 
not  sensibly  greater  than  that  to  breaJk  the  uncoated  material,  in 
spite  of  the  fact  that  the  actual  tensile  strenj^h  of  the  linen  seems 
to  be  higher  after  coating.  This  holds  for  high  and  medium  grade 
linens. 

(2)  Linen  coated  under  no  tension  required  about  two  and  one- 
half  times  as  much  work'to  break  as  uncoated  linen.  The  greater 
stretch  and  increased  tensile  strength  are  both  resj^onsible  for  this. 

In  view  of  this  the  suggestion  is  made  that  there  is  probably  some 
advantage  in  not  using  any  more  tension  than  is  necessary  in  fasten- 
ing the  fabric  to  the  frames  before  coating.  The  dopes  have  con- 
siderable shrinking  power,  measured  lineady,  and  by  allowing  the 
doth  to  shrink  a  certain  amount  the  slack  mQ  be  taken  up  and  at 
the  same  time  a  greater  efficiency  obtained.  A  stress  from  collision, 
etc.,  will  then  have  a  chance  to  exhaust  itself  without  breaking  the 
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cloth,  since  the  cloth  can  ''give"  and  thus  adjust  itself  to  decrease 
the  amount  of  the  stress. 

We  understand  that  one  manufacturer  of  the  varnish  at  least 
recommends  this.  We  have  also  been  told  that  in  some  cases,  as 
when  a  wing  collides  with  an  obstruction  in  landing,  a  dent  majr  be 
formed  in  the  fabric  without  breaking,  this  dent  later  disappearing. 
Since  the  varnish  coating  is  noncrystalline,  and  can  really  be  con- 
sidered in  a  sense  a  supercooled  liquid,  it  seems  quite  Ukely  that  there 
may  be  some  flowing  action  permitting  a  slow  readjustment  of  this 
sort. 

(3)  The  use  of  spar  varnish  seems  to  have  no  decided  effect  on  the 
efficiency. 

(4)  Rubber  on  one  side  of  the  linen  with  various  coatings  showed 
an  efficiency  about  75  per  cent  higher  than  that  of  linen  without 
rubber,  coated  on  frames.  This  is  of  course  partly  due  to  the  greater 
stretch  of  such  a  fabric,  as  already  noted.  It  would  be  interesting 
to  find  by  practical  experiment  whether  a  fabric  with  rubber  on  one 
side  can  be  made  to  shrink  sufficiently  for  use  on  a  win^.  From  our 
small  experiments  it  seems  Ukely  that  it  would  be  satisfactory.  If 
so.  it  would  have  the  advantage  of  being  protected  on  the  under 
siae,  a  matter  of  consequence  in  certain  localities,  as  already  shown. 

4.   AGEING. 

Samples  subjected  to  continuous  exposure  for  three  weeks  in  a 
location  such  that  the  material  felt  the  lull  effect  of  sun  and  weather 
throughout  the  day  gave  the  following  results  on  tests: 

(1)  The  tensile  strength  was  66  to  75  per  cent  of  the  original. 

(2)  In  all  cases  samples  had  been  ^eatly  affected  by  the  weather, 
in  appearance  and  feeling.  Spar  varmsh  coatings  cracked  and  pealed* 
samples  doped  but  not  coated  with  spar  were  more  or  less  scrubbea 
off  by  the  weather  and  had  evidently  deteriorated. 

(3)  In  several  cases  samples  doped  and  varnished  with  spar  var- 
nish showed  a  smaller  decrease  in  tensile  than  those  unvarnished, 
but  the  effect  was  not  so  pronounced  as  would  be  expected. 

(4)  Cellulose  acetate  coatings  seemed  more  affected  by  the  ageing 
than  cellulose  nitrate.  This  is  probably  due  to  the  hygroscopic 
character  of  the  former  material,  and  to  the  ease  with  wnich  oils 
are  blended  with  the  latter,  making  it  more  waterproof. 

I 

m.   ABSORPTION  OF  WATER.  ! 


Samples  were  first  weighed,  then  dried  at  95-100^  C,  and  reweighed,  .  I 
after  which  they  were  tested.  One  piece  of  each  was  soaked  in  water  I 
at  an  average  temperature  of  25^  C,  another  was  hung  in  a  saturated 
atmosphere  at  the  same  temperature — for  two  weeks  in  both  cases. 
The  samples  were  removed,  surface  water  wiped  off  the^  ones  that 
had  soaked,  after  which  Uiey  were  weighed  m  a  weighing  bottle. 
They  were  then  dried  at  95-100^  C,  and  rewei^ed^  These  data 
gave  the  amount  of  moisture  normally  present,  the  amount  of  water 
taken  both  by  soaking,  and  by  standing  in  moist  air,  and  the  amount 
of  material  washed  out  by  soaking  in  water.  The  following  results 
were  obtained:  i 

I 
i 
I 
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(1)  Loss  from  soakiiig  amounts  to  3  to  7^  oimces  of  the  weight  of 
the  sample. 

(2)  C!ompared  with  dried  samples,  fabrics  exposed  to  saturated 
atmosphere  showed  6  to  13  per  cent  moisture. 

(3)  Soaking  caused  the  samples  to  taEe  up  30  to  60  per  cent  of 
vater. 

(4)  Cettulose  acetate  coatings  suffer  more  from  soaking  than  cel- 
lulose nitrate. 

(5)  Fabrics  coated  with  rubber  on  one  side,  and  doped  on  the  other 
side,  show  a  smaller  absoi]^tion  of  water  on  soaking,  and  a  smaller 
increase  in  weigh  due  to  moisture  taken  upon  standing  in  a  saturated 
atmosphere  Uian  unrubberized  fabrics.  The  effect  of  spar  vamiah, 
in  preventing  the  absorption  of  water  was  here  very  apparent. 

lY.   FIREPBOOFING. 

Tests  on  fire  resisting  properties  of  various  fabrics  were  made,  to 
find  the  effect  of  the  dmerent  coatings,  and  to  investigate  the  possi- 
bility of  impregnation  of  fabric  with  fireproofing  materials. 

Method  of  test — ^A  strip  of  the  fabric  |  inch  wide,  was  held  hori- 
zontally, coated  side  up,  and  the  end  touched  to  a  Bunsen  flame  for 
a  distance  just  sufficient  to  ignite.  The  time  required  to  bum  back 
for  a  distance  of  3^  inches  was  observed;  in  cases  where  the  flame 
was  extinguished  before  this  point  was  reached,  the  actual  distance 
was  notedT    Care  was  taken  to  avoid  drafts. 

(1)  All  coated  fabrics  not  otherwise  treated  were  inflammable; 
that  is,  the  piece  continued  to  bum  after  the  source  of  heat  was 
removed. 

(2)  Spar  varnish  seemed  to  retard  the  burning  of  fabric  coated 
with  ceUulose  nitrate,  and  to  accelerate  it  in  the  case  of  fabric  coated 
with  cellulose  acetate. 

(4)  Fabrics  impregnated  with  ammoniiun  chloride  and  ammo- 
nitun  phosphate  were  more  fir^roof  than  those  impregnated  with 
boric  acid.  In  every  case  the  nrst  two  prevented  the  flame  from 
being  self-propagating  even  when  the  f  abnc  was  doped  with  ceUulose 
nitrate, 

(5)  It  is  interesting  to  note  (see  appendix)  that  fabric  impregnated 
with  ammoniimi  chtoride  has  an  increased  initial  tensile  strength, 
but  deteriorates  more  rapidly  on  exposure.  This  is  probably  on 
account  of  hydrolysis  of  the  cellulose  (fabric).    These  experiments 

^  lead  one  to  believe  that  bv  further  investigation  a  thoroughly  statis- 
factory  material  may  be  found,  which  wilTinake  fabric  fireproof  and 
at  the  same  time  not  injure  it. 

Vnt  IL— BALLOON  FABRIC. 

L  MATEBULS. 

Cotton  is  the  most  widely  used  fabric  for  balloons,  in  spite  of  the 
fact  that  it  is  one  of  the  weakest  textile  fabrics.  Silk,  the  strongest 
textile  fabric,  is  used  to  some  extent  in  France  and  Italy,  mien 
lightness  is  the  most  important  feature.  In  Qermany,  it  is  usually 
considered  dangerous,  owing  to  its  electrostatio  properties.    Its 
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high  cost  is  another  objection,  when  large  amounts  are  needed,  as  in 
a  Zeppelin  type  dirigible. 

Ramie  hasl>6en  used,  but  is  reported  to  be  unsatisfactory,  owing 
to  the  difficulty  in  rubberizing. 

linen  has  1>een  used^  with  success,  and  on  account  of  its  greater 
strength  possesses  considerable  advantage  over  cotton.  The  ^ater 
tearing  resistance  of  this  material  as  compared  with  cotton  is  par- 
ticulany  important.  On  the  other  hand,  as  already  stated,  it  is 
more  diffiouit  to  obtain,  made  according  to  specifications,  than 
cotton. 

In  lange  balloons,  rubber  is  used  almost  without  exception.  Other 
material  are  less  permeable  to  hydrogen,  but  none  i>ossess  the  same 
properties  of  adhesion,  ease  of  worling,  and  flexibility.  Several 
layers  of  fabric  can  be  used,  thus  increafflng  the  strength  and  gas- 
tight  properties  of  the  material,  whereas  oiled  fabrics  are  ordinaiily 
used  m  a  single  layer,  and  to  keep  this  ti^ht  a  thin  closely  woven 
fabric  must  oe  used.  Furthermore,  oiled  fabrics  are  subject  to 
change  from  heat  and  cold  and  must  be  handled  with  care.  They 
are2£owever,  cheaper  than  rubberized  fabrics. 

We  have  obtained  various  cotton  fabrics  suitable  for  use  in  balloon 
cloth,  and  from  the  tests  on  these,  and  also  from  published  data  of 
tests  made  in  Europe,  have  endeavored  to  establish  some  relation 
between  the  weight  and  maximum  strength  obtainable  at  that 
weight.  Differences  in  testing  conditions,  such  as  humidity  and 
meuiod  of  testing,  not  usually  specified,  cause  a  certain  variation, 
so  the  probable  limits  of  strength  of  eacn  weight  are  ^ven. 

Until  recently  it  was  very  <ufficult  to  obtam  a  satisfactory  fabric 
made  in  this  country.  Labor  and  other  conditions  in  Europe  have 
permitted  a  greater  concentration  upon  the  spinning  and  weaving 
of  such  fabrics.  The  results  have  been  that  until  recently  no  cotton 
fabrics  comparable  to  those  made  in  Europe  coidd  be  obtained. 

Recently  there  have  been  produced  in  this  country  fabrics  which 
froip  the  standpoint  of  weignt  and  strength  are  probably  as  good 
as  those  made  in  Europe.  It  is  to  be  hoped  that  the  same  perfection 
in  spinning  and  weaving  may  also  be  obtained. 

In  the  K>rmer  operation  cotton  manufacturers  usually  admit  the 
superiority  of  European  material,  but  probably  in  time  this  can  be 
met.  Hus  point  is  important,  in  order  to  get  a  fabric  as  free  from 
flaws  as  possible. 

The  mean  results  of  our  tests  and  those  f rotn  abroad  would  indicate 
the  following: 


Weight  of  fabric. 

Strength  warp  and 
flUer. 

Ounce*  per  square 

li 

Pounds  per  inch. 
30 
42 
53 
65 
74 
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IL   STRENGTH  AND  AGEING  TESTa 

(1)  Effect  of  structure. — Ordinarily  balloon  fabrics  are  made  of  two 
or  more  clotn  layers,  one  of  these  usually  on  the  bias.  A  layer  of 
rubber  is  between  each  ply  of.  fabric  and  a  layer  on  the  face  of  the 
fabric  which  comes  in  contact  with  the  gas.  The  outside  surface 
may  or  ma^  not  be  coated  with  rubber  and  is  sometimes  treated  after 
the  balloon  is  made  with  cellulose  acetate  varnish.  Parallel  fabrics — 
that  is,  two  or  more  layers  of  fabric  with  the  warp  threads  all  run- 
niDg  in  the  same  direction — ^have  been  used  to  some  extent  in  France. 
Thej  are  supposed  to  be  stronger,  but  tear  more  easily.  Since  cotton 
teais  quite  easily  under  ordinary  conditions,  it  seems  highly  desir- 
able  to  adopt  some  such  method  as  biasing  to  prevent  tearing. 
Wbile  the  biased  fabric  does  not  show  so  high  a  tensile  strength  test, 
it  must  be  remembered  that  the  stresses  on  a  dirigible  balloon  which 
caiise  trouble  are  not  the  simple  ones  due  to  internal  pressure, 
weight  of  load,  etc.,  but  those  localized  in  one  area  due  to  sudden 
pulls  on  ropes,  etc.  It  is  important  to  have  a  fabric  that  will  not 
continue  to  tear  after  a  tear  is  once  started. 

Tensile  strength  tests  made  on  1-inch  strips  showed  that  the 
Strang  of  a  2-ply  parallel  fabric  was  not  necessarily  twice  that  of 
the  smgle  ply  oi  uncoated  fabric.  On  the  other  hand,  double  bias 
fabrics  show  a  greater  strength  than  that  of  the  single  ply  of  fabric 
when  the  stress  is  parallel,  for  example,  to  the  warp  of  the  unbiased 
piece. 


Biilloon  cloth  made  from— 

Fabric  No.  1. 

Fabric  No.  2. 

Streiiffth  of  fabric,  uoooftted  warn 

70 
125.5 

85 
100 

50 

Strei^th  of  2-ply  paraUel  fabric  warp 

92.6 

Streoitli  of  fa6nc^2-ply  biaa  warp  of  unbiased  ply 

Tensue  strength  by  Dunting  test,  2-ply  bias 

66 

85 

Ageing  for  13  weeks,  the  samples  being  continuously  exposed  to 
the  weather^  caused  a  decrease  in  tensile  stren^  of  about  5  per 
cent.  The  samples  were  exposed  during  the  wmter  months,  from 
January  1  to  about  April  1. 

Other  samples  exposed  for  one  month,  from  Au^t  20  to  September 
20,  showed  a  decrease  of  about  8  to  10  per  cent  m  tensile  strength  in 
the  warp  and  from  0  to  6  per  cent  in  the  filling.  The  rubber  was 
apparently  unaffected.  % 

m.   PERMEABILITY  OF  BALLOON  FABRICS. 

The  permeability  was  measured  by  the  chemical  method  similar  to 
that  used  at  the  National  Physical  Laboratory  of  Great  Britain.  In 
this  method  the  fabric  is  held  in  a  cell,  which  is  diyided  by  the  fabric 
into  two  compartments.  Dry  purified  hydrogen  at  a  pressure  of  70 
minimdters  of  water  is  passea  through  one  side,  while  air  is  drawn 
throu^  the  other,  dried  and  passea  through  an  electric  furnace, 
which  bums  the  hydrogen  present  in  the  air  from  diffusion  to  water, 
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which  is  absorbed  and  weighed.  The  cell  is  kept  at  constant  tem- 
perature hy  immersion  in  a  thermostatic  bath.  The  permeability  is 
expressed  m  liters  of  h^rdrogen,  measured  at  0^  C,  760  millimeters 
per  square  meter  of  fabric  per  24  hours. 

In  France  the  Benard-Sourcouf  balance  is  ordinarily  used.  This 
measures  the  net  volume  of  gas  lost  by  diffusion  through  the  fabric. 
It  does  not  in  reality  measure  the  loss  of  hydrogen,  since  air  passes 
in  while  hydrogen  passes  out.  According  to  T.  waham/  the  relative 
rates  of  diffusion  of  nitrogen,  air,  and  hydrogen  are  as  follows: 

Diffusion  throtigh  rubber. 

Nitrogen 1 

Air 1 .  149 

Hydrogen 5. 5 

With  the  Renard  balance,  while  5.5  volumes  of  hydrogen  pass  out, 
according  to  the  above  figures,  1.149  volumes  of  air  pass  in,  giving 
a  net  change  of  4.351  volumes.  In  other  words,  for  an  apparent 
loss  of  10  hters  per  24  hours  per  sauare  meter,  we  should  have  an 
actual  loss  of  12.6  hters,  as  measured  by  the  chemical  method.  (We 
have  not  had  an  opportunity  to  test  fabrics  measured  by  the  gas 
balance  method.)  The  volume  loss  is  of  course  important,  and  if  on 
further  investigation  it  is  found  that  there  is  much  variation  in  the 
ratios  given  by  the  Graham  experiments  for  different  kinds  of  rubber 
it  woiud  be  well  to  make  botn  tests  standard.  In  fact,  the  intro- 
duction of  auxiliary  coatings  of  cellulose  esters,  etc.,  makes  this  of 
immediate  interest. 

(1;  EFFECT  OF  VARYING  AMOUNTS  OF  BUBBER. 

The  permeabiUty  decreases  with  increasing  weight  of  rubber  as  a 
general  rule,  but  does  not  seem  to  be  proportional  to  it. 


Weight  of  rubber 

between  piles  (ounces 

per  square  yard). 

PenneabiUtvatlS* 
(by  extrapolation). 

1.65 
3.11 
5.11 

50 
9 
9 

This  is  in  accord  with  the  observation  of  Austerweil.'  who  found 
that  the  permeability  of  two  rubber  membranes,  918  ana  1,675  grams 
per  sciuare  meter  respectively,  was  practically  the  same  for  the  first 
100  hours.  The  rates  diverged  up  to  400  hours,  after  which  they 
were  again  constant.    This,  according  to  AusterweU,  marked  the 

goint  wnen  both  membranes  were  saturated.    Between  100  and  400 
ours  the  thinner  membrane  became  saturated  more  rapidly  than 
the  other,  and  so  showed  a  greater  rate  of  diffusion. 


I  Phfl.  Trans.,  1866,  p.  890. 


•  Dte  Angewandte  Ch«iiilai&  dtr  Lattatftit,  p.  67. 
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(2)   EITBOT  OF  TBHPEBATUBE. 

^^xperimentB  conducted  in  En^and  at  the  National  Physical  Labo- 
^^ry  *  show  that  the  permeabuity  rises  rapidly  with  the  tempera- 
^.    For  two  samples  they  found  the  following  results: 

Diagonally  doubled,  3  layers  rubber •'•{22!l^  0.'— loiw  1 

PamUel  doubled,  2  layers  rubber iMil^  C.'~2i;6   1 

These  figures  show  more  than  9  per  cent  increase  in  permeability 
perde^ee. 

We  have  made  tests  at  approximately  20,  30,  and  40^  C,  and  found 
in  eyery  case  a  marked  temperature  coefficient.  If  the  yalues  of 
permeabiUty  and  temperature  are  plotted,  it  will  be  noted  (fig.  9, 
appendix)  tnat  the  cunre  rises  more  rapidly  with  increasing  tempera- 
ture. Our  results  show  a  temperature  coefficient  about  one-half  that 
giyen  in  the  data  just  cited.  It  may  be  that  the  nature  of  the  rubber 
compound  has  considerable  bearing. 

Tnis  high  temperature  coefficient  is  of  peculiar  importance  in  this 
country,  where  tne  aeronautic  actiyities  oi  both  Army  and  Nayy  are 
centorea  in  the  South.    It  seems  adyisable  that  this  oe  consideored  in 

Hying  the  minimum  eas  leakage  allowable  when  contracting  for 

i^ble  Dalloons,  and  that  some  temperature  be  stated,  since  a 

Itoon  tested  at  Pensacola  would,  without  extra  precautions,  show  a 
higher  loss  than  one  in  the  yicinit^  of  New  York.  A  correction  to  a 
standard  temperature  could  probably  be  made. 

This  also  snows  the  adyisability  of  providing  adequate  arrange- 
ments  topreyent  too  high  a  temperature  in  hangars.  I  understand 
that  in  Europe  double  roofs,  with  fans  and  other  suitable  co<ding 
devices  are  used. 

(3)  EFFECT  OF  COATING  CLOTH  WITH  CELLULOSE  ESTBB  LACQUERS. 

It  has  been  the  practice  in  Europe  for  some  time,  apparently,  to 
coat  the  outside  of  balloons  with  some  sort  of  yarnish.  lliese  are 
sold  under  various  names,  but  in  general  are  cellulose  acetate  lac* 

auers.    They  are  used  to  cut  down  wind  resistance,  to   protect 
be  fabric,  and  to  render  it  gas  tight  in  cases  where  the  rubber  has 
deteriorated. 

Samples  were  given  four  coats  of  cellulose  nitrate  and  cehulose 
acetate  lacquers  1876  and  1877,  respectively,  the  lacquer  being 
applied  to  the  cloth.  In  both  cases  the  improvement  m  permea- 
bility was  definite,  though  small,  amounting  to  from  1  to  1}  liters  per 
square  meter  per  24  hours. 

(4)  EFFECT  OF  COATING  BUBBEB  WITH  CELLULOSE  ESTEB  LACQUSBS. 

It  seemed  likely  that  the  small  improvement  noted  above  was  due 
to  the  fact  that  cloth  offers  a  poor  surface  for  obtaining  a  ti^ht  coat, 
at  least  for  a  thin  fihn.    To  verify  this  tests  were  made  with  the  same 

s  TMl  Report  AdT.  CommittM  for  Attfoamitla,  1910-U,  p.  Ml 
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materials  in  the  same  amounts  on  the  rubber  side.  The  improve- 
ment was  venr  marked  here,  amoimting  to  50  per  cent  or  more  of  the 
value  found  for  the  same  fabric  uncoated.  In  one  case  there  was  a 
reduction  from  11  liters  at  20^  C.  to  4  liters  at  the  same  temperature. 
Unfortunately  these  lacquers  are  not  suited  for  use  on  rubber  surfaces 
since  they  peel  off.  It  is  to  be  hoped  that  a  marked  improvement 
may  be  miuie  in  them,  since  their  use  for  this  purpose  seems  very 

S remising.  The  inflanunabiUty  of  cellulose  nitrate  is  of  course  a 
rawback,  but  obviously  a  balloon  filled  with  hydrogen  must  be  care- 
fully protected  from  fire,  however  nonihflammable  the  material  used 
in  its  construction.  It  is,  moreover,  a  simple  matter  to  obtain  cellu- 
lose nitrate  blended  with  oil  to  give  a  flexible  coating. 

(5)   EFFECT  OF  COATING  BUBBEB  WTTH  GELATIN   COMPOUNDS. 

A  flexible  gelatin  compound  on  the  rubber  surface  in  about  the  same 
amounts  as  the  coatings  used  in  (4)  and  (5)  was  tested  and  found  to 
give  a  very  low  permeability: 

Original  penaeability  at  20°  C,  11  liters  per  square  meter  per  24  hours. 
Permeability  after  coating  with  gelatin  compound  at  20^  C,  .8  liter  approxi> 
mately  per  square  meter  per  24  hours. 

Pbh  m.— tests  on  balloon  and  aeroplane  fabrics. 

I.   TEARING  TESTS. 

To  obtain  some  knowledge  of  the  behavior  of  aeronautic  fabrics 
imder  stresses  somewhat  similar  to  those  existing  in  aeroplanes  and 
balloons,  the  test  used  by  the  National  Physical  Laboratory  ^  was 
employed. 

MeAod. — A  piece  of  fabric  is  clamped  in  the  jaws,  and  in  the  center 
of  this  a  slit  of  definite  length  is  cut  perpendicular  to  the  line  of  pulL 
When  stress  is  appUed,  the  cut  opens,  and  if  the  load  is  increased  the 
tear  widens  in  a  oirection  perpendicular  to  the  stress  and  the  sample 
finally  breaks.  The  threads  parallel  to  the  line  of  stress  bend  inward 
on  either  side  of  the  slit;  those  perpendicular  to  the  strain  bend  away 
from  the  cut.  Hie  locaiization  of  strain  on  the  thread  at  the  ends  of 
the  slit  is  eyidentiiy  caused  by  the  puU  being  transmitted*  from  the 
longitudinal  threads  to  the  transverse  threads,  due  to  the  take-up  in 
weaving.  The  general  effect  of  stretching  coated  and  tmcoated  fab- 
rics isshown in  the  photographs  taken  of  tests.  (Appendix,  Plates 
I'VI.)  Hie  wrinUing  of  tne  coated  fabric  around  the  cut,  producing 
a  poor  impression,  is  particularly  of  interest,  showing  how  the  dia* 
turbance  is  more  localized  than  in  the  case  of  uncoated  fabric. 

A  fair  index  of  the  ability  of  fabrics  to  resist  tearing  may  be  obtained 
by  plotting  the  results  for  the  point  at  which  the  tear  starts  to  widen 
and  where  rupture  occurs  against  the  size  of  cut.  The  factor  found  by- 
dividing  the  Dreaking  load  Dy  the  width  of  slit  gives  a  means  of  com- 
parison which  seems  to  have  some  value.  (See  appendix  for  data  and 
curves^ 

(1)  The  load  to  break  falls  off  more  rapidly  with  increasing  size  of 
slit  in  the  case  of  a  doped  fabric  than  witn  an  undoped  fabric. 

(2)  Cotton  is  much  mferior  to  linen. 

— — — '  «  "  " 

1  Tech.  Report  of  Adv.  Com.  for  Aeronautics,  1910-11,  p.  72. 
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(3)  Parallel  double  balloon  fabric  teais  more  easily  than  bias 
doubled  fabric,  particularly  for  small  cuts.  Furthermore,  a  parallel 
fabric  tears  eyenly  in  a  straight  Une,  while  in  the  case  of  the  bias  a 
general  rending  of  one  layer  occurs,  while  the  other  is  distorted  rather 
than  torn.  It  can  be  readily  seen  that  the  effect  of  tearing  on  the 
parallel  fabric  in  a  balloon  would  be  much  more  disastrous. 

n.   SUBFACE  FBICnON  TESTa 

Tests  on  the  resistance  of  various  fabrics  were  made  in  the  wind 
tannd  at  the  Washington  Nary  Yard. 

The  method  used  was  to  suspend  vertically  a  ^ass  plate  about  34 
inches  wide  and  9  feet  long  so  that  its  long  edge  is  in  tne  direction  of 
the  air  flow.  The  following  ed^e  of  the  plate  is  connected  witii  the 
balance,  allowing  the  horizontal  moment  about  one  knife  edge  to  be 
measured. 

Corrections  were  found  and  used  for  the  wires  suspendmg  the  plate. 
The  ends  of  the  plate  fitted  into  slots  in  struts  of  stream  line  form. 
The  wind  passing  the  slot  into  which  the  leading  edge  fitted  caused  a 
diminution  in  pressure,  ^ving  the  effect  of  a  thnist  on  the  plate 
against  the  wind.  The  wmd  caused  a  compression  in  the  slot  in  which 
the  following  edge  fitted,  likewise  giving  tne  effect  of  a  thrust  against 
the  wind.  Tiie  amoimt  of  pressiure  developed  in  each  slot  was  ob^rved 
with  a  hook  gauge  manometer,  and  from  this  and  the  area  of  the  edges 
could  be  calculated  the  correction  to  be  added  for  each  speed. 

The  resistance  of  the  plate  glass  was  taken  as  standard  and  found  at 
30, 40, 50,  60.  and  70  miles  per  hour.  Various  samples  of  fabric  were 
ihen  attached,  covering  both  sides  of  the  glass  completely  in  each  case, 
and  the  resistance  measured  at  different  speeds. 

Complete  data  will  be  found  elsewhere,  but  the  following  general 
points  may  be  mentioned  here.  Taking,  for  example,,  the  resistance 
of  plate  gbiss  as  1,  at  70  miles  per  hour,  we  have  tne  following  com- 
parative resistances  at  this  velocity: 

Exptfi-  At  70  miUs  per  hour, 

1  Plate  glass LOOO 

5  linen  No.  1  (higji grade) 1.362 

2  lineiiNo.  1  Qughgnde),  IcoatvarniahNo.  1876 1.162 

3  linen  No.  1  Qugh  grade),  3  coats  vamiah  No.  1876 1. 106 

4  lineQ  No.  1  Qii^  grade),  8  coata  vamiah  No.  1876, 1  coat  spar  vamiah..  1. 061 
a  lineo  No.  1  (high grade),  3  coata  vamiah  No.  1877 L065 

7  linen  No.  1  Qii^  giade),  3  coata  vami^  No.  1877, 1  coat  apar  vamiah..  1. 081 

8  Linen  No.  1  (high  grade),  3  coats  varnish  No.  1877.  2  coats  spar  vamiah.  1. 078 

9  Balloon  fabric  No.  3,  cloth  outside,  double  pafallel 1. 965 

10  BallooEn  fabric  No.  3,  cloth  outside,  double  parallel,  freahly  singed 1. 654 

11  BaUoon  fabric  No.  8,  cloth  outaide,  double  parallel,  ainged  and  coated 

once,  No.  1876 , 1.346 

12  Balloon  fabric  No.  3,  cloth  outaide,  double  parallel,  singed  and  coated 

tiuee  times,  No.  1876 1.107 

13  Balkxm  fabric  No.  3,  cloth  outaide,  double  bias L  902 

14  Balloon  fabric  No.  3,  cloth  outside,  double  bias,  freshly  singed 1. 762 

15  Balloon  fabric  No.  6,  cloth  outside  (specially  woven  fabric),  double 

bias f 1.528 

16  BaDoon  fabric  No.  6,  cloth  outside  (specially  woven  fabric),  double 

bias,  freshly  singed 1.372 

21  Aerophne fabric,  mbberiaed,  No.  23 L079 

22  Aeroplane  fabric,  alnmintiTn  coated,  No.  24 LlOl 
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I.  From  these  figures  it  will  be  seen  that  we  may  roughly  divide 
surfaces  into  groups  as  to  wind  resistance. 

(1)  Those  whicn  are  what  might  be  called  continuous;  in  this  case 
the  resistance  probably  increases  simply  as  the  surfaces  deviate  from 
a  true  plane  due  to  lumps  and  other  unevennesses.  Plate  gUss, 
doped,  varnished,  and  rubberized  fabrics  come  in  this  class.  The 
resistance  does  not  exceed  1.20,  glass  being  1. 

(2j  Those  which  have  a  discontinuous  surface,  i.  e.,  such  as  would 
be  presented  by  a  perfectly  smooth  woven  material,  as  a  wire  gauze ; 
linen  and  singed  cotton  approach  «this.  Here  the  resistance  is 
between  1.36  and  1.7. 

(3)  Those  which  have  a  discontinuous  surface  to  which  is  added 
other  roughnesses,  such  as  arise  from  nap.  Unsigned  cotton  is  in 
this  class^  and  the  resistance  is  1.6  or  more. 

n.  It  IS  interesting  to  note  the  great  improvement  produced  on 
balloon  fabric  by  the  use  of  one  or  more  coats  of  some  sort  of  varnish* 

III.  The  difference  in  resistance  between  an  uncoated  fabrio  of 
class  (3)  and  plate  glass  is  very  appreciable  at  high  speeds,  bein^ 
about  0.013  poimd  per  square  foot  at  70  miles  per  hour.  This  would 
mean  a  total  head  resistance  in  a  large  machine  of  about  18  pounds, 
or  a  decrease  in  lifting  power  of  160-180  pounds.  However,  as  can 
be  seen  from  the  list,  it  is  fairly  simple  to  cut  down  the  resistance 
until  it  approximates  that  of  glass. 
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(Ckmtaiidng  details,  data,  and  plates.] 


UNEN  FABRICS. 


linen  is  the  most  widely  used  material  for  aeroplane  wings,  on 
account  of  its  great  streDgtn  and  toughness.  The  grades  now  on  the 
maikethaye  weights  and  strengths  as  shown: 


WHght 
(oonoespcr 

Stnocth. 

Wwp. 

Fllkr. 

I 

S.67 

66.0 

54.4 

II 

3.78 

69.5 

49.2 

III 

as? 

80.7 

79.0 

IV 

4.04 

86.9 

74.0 

y 

4.09 

90.2 

82.7 

VI 

4.48 

82.9 

100.1 

VII 

4.60 

95.0 

60.0 

VIII 

4.86 

90.4 

102.5 

In  Great  Britain  there  has  recently  been  adopted  the  method  of 
testine  the  sample  wet.  after  soaking  some  time.  Ihis  is  to  avoid 
oror  due  to  hmniditj  changes.  Whue  this  method  may  seem  some- 
what arbitrary,  it  is  conyenient  and  nearer  the  conmtions  of  nae 
Hum  a  test  on  absolutely  dry  materiaL  They  figure  that  this  test 
comsponds  to' what  could  be  expected  at  a  theoretical  humidity  of 
111  per  cent. 

TetU  on  tnuMparmt  eeUulMe  aoUate  tHuets. 


(1) 

(•) 

(t) 

(4) 

Na 

Thieknen. 

Weight 
(ounotBiMr 
Bqnareyara). 

TtnOeitnDgth 
(pounds  IMrlmsh). 

linlBiiiBi  dUtoaoM  In 
l«ti(inp€rentof 

10/1000 

9.33 

55.3 

57 

10.8 

10.5 

16/1000 

15.49 

106.3 

86.8 

14.1 

8.1 

24/1000 

22.96 

127.1 

130 

3a6 

25.2 

82/1000 

30.35 

178.6 

187.7 

2L2 

2.6 

64/1000 

69.02 

326 

345.8 

10.7 

.8 

Testa  made  on  Bieble  machine,  l-inch  stripi,  1-inch  jaw,  3  inches  between  Jaws; 
Veed,  18  incheB  per  minnte. 
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The  strength  was  measured  both  ways  on  each  sheet,  since  it  was 
thought  that  the  material  might  show  a  grain,  such  as  often  occurs 
in  materials  in  sheet  form  wmch  have  been  made  by  a  calendering 
process.  Except  in  the  case  of  No.  2,  there  is  no  perceptible  differ- 
ence in  strength.  The  material  runs  fairly  uniform  in  strength 
except  for  the  one  sheet  No.  3.  Column  4  shows  the  difference 
between  the  h^hest  and  lowest  tests^  compared  to  the  average. 

The  materialis  quite  flexible,  in  thm  sheets,  and  can  be  bent  double 
several  times  in  one  place  without  cracking.  On  the  other  hand,  it 
tears  very  easily  when  once  cut.    It  is  noninflammable. 

STRETCHING  TESTS. 

Figures  1-4  show  the  relation  between  load  and  per  cent  stretch. 
The  numerical  values  for  the  tests  are  given  on  page  155  and  need 
little  coxnment. 

The  tests  were  made  on  a  Riehle  f  abrio-testing  machine,  and  meas- 
Tirements  were  made  on  an  initial  distance  of  20  incnes,  so  the 
results  are  probably  (^uite  accurate.  The  jaws  moved  apart  at  a 
rate  of  6  incnes  per  minute. 

It  is  interesting  to  note  that  the  rate  of  stretch  is  usually  low  in 
doped  fabrics  up  to  10  to  20  pounds  load,  after  which  it  rises  more 
rapidly.  On  the  other  hand,  the  uncoated  fabrics  tend  to  be  just 
the  opposite  of  this — that  is,  there  is  a  considerable  stretch  at  first 
under  Eeht  load,  up  to  say  20  pounds,  then  the  ''slack"  having  been 
removea  from  the  fibers,  the  stretch  is  much  slower.  It  will  be 
noticed  that  this  holds  true  even  for  samples  when  the  total  stretch 
of  the  coated  fabric  ^&^  exceeds  that  of  the  uncoated,  as  in  figure 
2,  Curves  Vin,  IX,  A,  ^,  when  the  fabric  was  not  stretched  on  a 
frame  without  coatinj^.  The  stretch  of  the  coated  fabric  only  be- 
comes equal  to  that  of  the  uncoated  at  loads  of  12  to  20  pounds. 

The  application  of  this  seems  to  lie  in  the  fact  that  or<£narily  even 
at  high  speeds  the  loading  due  to  wind  pressure  is  very  lig^t.  Ac- 
cording to  Austerweil  *  even  at  hi^est  speeds  the  load  would  not 
amount  to  more  than  146.5  kilograms  per  meter,  or  about  8  pounds 
per  inch.  Ordinarily  it  would  he  mucn  less.  It  would  seem  there- 
xore  that  from  the  standpoint  of  keeping  the  fabric  taut  ag^ainst 
stretching  just  as  good  results  could  be  obtained  by  putting  it  on 
loosely  enough  to  allow  shrinkage,  and  get  the  benefit  of  incroased 
tensile  strength  and  efficiency  snown  lyy  the  fabrics  in  Curves 
Vlll-X,  inclusive. 

>  Dto  AngswiadU  Clwmlt  In  der  Lnfttahrt,  179. 
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Stretch  of  aeroplane  fabric. 


fc^l=»ric. 


Stieldi 


kMd  of  (ponnda  per  loch)— 


Ccrve. 


Viniidi  1877 
and  Spar— 

P. 

Linen  No.    1, 

CMM,wlthoixt 

pnsbetdi  i  n  g, 

coated  with— 

Vaniiahisrs— 

W 


ViDJdiUTO— 

W... 

P 

Varakhisn— 

W 

P 

No.l: 
BnbberlMd— 

W 

P 

Bnbberised— 
Vami8hl87»— 

W... 

P.... 
VmlihlSTf^ 


VimidilgTT— 

P 

Spar— 

^ 

P 

VtfiiMiU7«- 


Tamtahisn— 


'^.. 


c 


11 
m 

IV 


C: 


VI 


vn 


vm 

IX 


}IH 


10 


.1.63 
35 


1.17 
..76 

|L75 

[.75 

[1.17 

[loo 

[1.10 
l.« 

/1.78 
\1.04 


[5.00 

[2.30 

/S.10 
\X0O 

2.81 
1.88 


20     ao 


7.10 
2.87 

8.75 
1.88 

8.58 
1.68 

4.7 

1.75 

8.42 
1.75 

3.5 
1.75 


8.33 


7.83 
3.80 


3.08 


7.4311.25 
[2.36  3.50 


1.22  6.58 
L02  2.81 


2.50 
1.87 


X75 


L83 


3.66 


7.25 
8.00 


1.62  8.10 


1.75  6.75 


2.43 


2.50  7.0411.06 
L87  8.06  4.44 


6.66 


8.30 
2.00 

6.66 
1.86 

7.60 
2.68 

7.42 

3.00 

6.02 
X75 

6.43 
3.75 


6.60 
3.86 


6.801L44 


4.83 


12.00 
4.77 


4.16 


12L44 
4.00 


4.00 


laa? 

4.00 


7.08  ia6 


0.26 
8.50 


^0.8811.5 
1.33  2.421  8.581  4.431 


40 


3510.10 


0. 
3.87 


0.35 
2.12 


8.75 


10.58 
X66 


0. 
8.421 


0.8511.25 


02|11.50 
4.11 


3.50 

8L00 
3.38 

8.80 
8.76 


4.00 


0.88 
4.35 


10.80 
4.88 


8.75 
8.66 


16.83 
6.07 


16.08 
6.26 


10.4316.0017.6018.75 


4.68 


18.44 
6.25 


6.13 


13L 

5.12^ 


4.10  6.06 


4.50 


60 


ia6o 

8.81 


17.66 
5.76 


17.06 
6.00 


6.16 


6.8 


60 


10.66 
4.16 

11.88 
8.10 

1X58 
4.43 

12.00 

4.76 

10.62 
4. 

11. 

4.031 


11.75 
4.' 


18L80 
6.83 


18.06 
6.87 


10.75 
6.66 


14.06  14.56 


6.36 


10.0311.66 


6.63 


1313. 


IS 

6.5 


PL3. 36^18.88 
6.66 


1L661160  18.21 


1X8118.77  14.60 
4.63  6.10    6.56 


12.09 


18.68 
6.87 


14.00 
6.00 


6.16    6.68 


13.88 


4.031    6.88i    5.501 


70 


11.16 


12.09 
8.73 

13.50 
5.25 

1X88 

6.26 

1L56 
5.88 

1X16 
6.88 


1X19 

4.60 


20.00 
7.00 


1X66 
6.60 


20.48 
6.16 


80 


11.56 


18.75 
4.86 

14.12 
5.62 

13.88 

6.00 

1X08 
6.00 

18.00 
5.02 


IX  n 

4.86 


2L17 
7.87 


20.42 
7.00 


21.06 
6.87 


15.06  16.56 


18.09 

6.50 

14.6 
6.67 

14.^ 

6.50 


14.06 
6.00 


16.87 
6.10 


00 


1X05 


14.75 


14.60 
6.00 

14.13 

(86) 
6.75 


18.00^ 


13.53 
6.87 

13.00 


21.76 
(88) 
X18 

21.17 


21.56 


14.49   14.  Oq  16.83 
7.00... 


16.10 
6.81 


16.6 


6.03^ 


14. 
6.16 


16.00 
6.31 


15.03 
7.35 


14.58^  15.06 
6.87! 


100 


(06) 
1X86 


16.00 


14.50 


i?fi, 


14.00 
(26) 
7.00 

14.2 


2X67 


2X00 


2X12 


15.09  16.50 


16.10 


16.87 


15.44  16.6 


110 


ln(l.|    _ 
byl2.1]Kdi 


14.76 


12(^28.67 
28.83 


120-28.88 
2X60 


2X83 


16.28 


130-17.35 
16.76 


16.70 


16.87  16.63 


Effl. 
dency— 


X67 


7.77 


0.62 
10.86 


7.54 


&75 


7.82 


10.41 


IX  U 
1X10 


1X88 


ILTT 


16.16 

18.46 


1X25 


17.00         1X64 


15.68  16.06         16.6         1X66 
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Stretch  o/a«n>pIati«/(i6rie-~Continued. 


Carre. 

Strotch  trndor  load  (pounds  per  Indi). 

Bffi. 
OiODOylD 

Fabric. 

10 

20 

80 

40 

50 

60 

70 

80 

90 

100 

(piaba 

tool- 
pounda. 

Medfam-cnde  Unin 
No.  2: 

W 

lime 

}lVM 

vnc 
vmc 

/8.06 
\S.7fi 

/1.88 

\   .67 

/1.88 
\1.17 

/L66 

/L17 

LfiO 
LOO 

jl.88 
ll.M 

7.42 
6.00 

4.16 
1.42 

8.08 
2.50 

8.82 
8.00 

X75 
2.50 

8.50 
2.16 

8.38 
2.66 

8.42 
&75 

6l42 
2L88 

&06 
8.88 

5.92 
4.26 

4.88 
8.58 

5.50 
8.17 

5.00 
8.50 

0.16 
6.12 

8.67 
8.16 

6l58 

7.58 
5.67 

6.88 
6.00 

Ouoa 

4.08 

6.58 
4.88 

o.ao 

iai2 

4.51 

p 



1 

LinaiNo.2: 
Vanii8hl875~ 
w 

0.02 
8.83 

7.50 
5.88 

8.80 
6.25 

7.88 
&75 

7.75 
4.75 

7.75 
5.42 

ia62 
4.42 

8.83 
6.50 

0L42 
6.87 

8.75 
6.42 

8.58 
5.25 

8.50 
6l08 

11.50 
&00 

8.75 
7.12 

iai2 

7.ao 

8.83 
6.83 

0.26 
6.88 

9.16 
6l56 

4.77 

F 

5.12 
9.50 

5.50 

Varnish  1376- 
W 

4.56 

F 

Varnish  1877— 
W 

4.18 

F 

.:: 

Varnish  1875  and 
•^, 

9.58 
7.17 

10.00 

<?io 

0.75 

laoo 

7.75 

5.50 

F 

Varnish  1876  and 
"^. 

4.82 

p 

Varnish  1877  and 
•^. 

ia25 

5.68 

p 

TBABING  TESTS. 

In  these  tests  wooden  jaws  were  used,  fitted  to  a  Riehle  fabric  test- 
ing machine.  The  jaws  moved  apart  at  a  speed  of  appiozimatoly 
6  mches  per  minute. 

The  Plates  I-VI  were  made  by  setting  up  the  machine  in  a  dark 
room,  putting  the  sample  under  tension,  and  holding  a  dry  plate 
against  the  sample.  An  electric  bulb  on  me  other  side  of  the  sample 
nvmishes  lieht  for  the  exp^osure.  In  the  case  of  cotton  fabrics  me 
small  size  of  the  yam  ana  its  transparency  save  poor  definition;  this 
difficulty  was  removed  bv  first  coloring  the  sample  with  a  y€flow 
naphtha  soluble  dye.  The  photograpl^  are  therefore  actual  sise, 
and  show  up  the  conditions  of  the  threads  ^uite  clearly. 

The  factor  obtained  bv  dividing  the  breaking  load  for  a  1-inch  out 
by  that  for  the  uncut  f aoric  sives  some  idea  as  to  the  relative  tearing 
resistance  of  various  materiab.  This,  with  the  actual  tensile,  dioida 
furnish  a  good  basis  for  comparing  fabrics  as  to  suitability. 
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Teosll^itranirtli 
(poundf  per  Inch). 


Wvp.       Ffller. 


TMriof  iMtor. 


Warp.       Filter. 


Lioen  No.  1,  high  grade: 

UDcoated 

Doped 

Linen  No.  2,  medium  grade: 

Uncoated 

Doped 

Cotton,  light  weight: 

Uncoated 

Doped 

BftUoon  fabric: 

Double  parallel 

Double  Dias 


100 
106 

65 
85 

87 
45 

85 
65 


59 
86 

45 
75 

49» 
45 

70 


0.50 
.29 

.67 
.58 

.48 
'.38 

.36 
.66 


0.52 
.44 

.57 
.58 

.36 
.37 

.33 


From  the  above  figures  it  will  be  seen  that  the  lower  grade  of  linen 
is  relatively  more  aifficult  to  tear  than  the  high  grade.  This  is 
probably  because  the  higher  grade  fabrics,  both  Unen  and  cotton,  owe 
their  greater  strength  K»r  a  given  weight  to  the  greater  number  of 
yams  per  inch.  Inese  are  of  necessity  smaller,  and  since  tearing 
depend  to  a  considerable  extent  on  the  strength  of  the  individuu 
threads,  we  find  that  strong,  closely  woven  fabrics  tear  more  easily 
m  proportion  than  weaker  ones.  A  good  example  of  this  is  the  filler 
of  the  cotton  fabric,  compared  with  filler  of  No.  2  linen.  The  actual 
tensile  strength  of  the  cotton  is  higher,  but  the  effect  of  a  cut  much 
greater,  giving  the  factors  as  shown:  0.36  for  the  cotton  and  0.57  for 
the  Unen. 


Tearing  tests  on  aeroplane 

and 

balloon  fabrics— Load  required  to  start  tear,  and  to  break, 
far  slits  of  various  sizes. 

H 

-SizesUt. 

Oinch. 

noh. 

i-hich. 

l-inch.   . 

ll-inoh. 

Fabric 

Load  per  inch. 

Tear. 

Break. 

Tear. 

Break. 

Tear. 

Break. 

Tear. 

Break. 

Tear. 

Break. 

Um,  No.   1,   high   gzade, 
unoQBtod: 

WlID 

100 
fi9 

100 
80 

06 
45 

85 

76 

87 

45 

45 

86 

70 
66 

100 

50 

106 
86 

65 
45 

85 
76 

87 

45 
45 

85 

70 
66 

J? 

74 
61 

Si 

67 
56 

16 

18 

38 

41 
84 
58 

74 
44 

00 
Mi 

61 
86 

74 
08 

18 
30 

36 
33 

46 
36 

57 

40 

m 

83 
36 

41 
88 

1? 
1? 

80 
38 

47 

66 
43 

70 
451 

50 
80 

64 
46 

18 
18 

• 

33 

w» 

87 

36 

81 
80 

38 
30 

38 
20 

10 
10 

13 

38 

60 
31 

45 

88 

44 

36 

50 
481 

18 
18 

<^ 

81 

37 
18 

36 

87 

31 
17 

31 
36 

0 
(8) 

14 

11 

30 
14 
30 

40 

piS:::;::::::::::::::::: 

30 

Vam,  No.   1.   high  grade, 
eoBtcd,  1875  var.: 
WtTD 

48 

Ffflcr.  . , 

81 

l^m.  No.  2,  medium  grade, 
imooftted: 
Wan 

43 

Urna,  Ni:  a^'m^dfom'i^)^;' 
ontedVlSTSYar.: 
Waip 

35 
40 

FD1«. 

86 

CoCtQa,Ugbti»eight,unooated: 
Wsip 

18 

FiuS.:..:.:...: 

(U) 
18 

Oottcn^^wdgbt,  oontwl, 
Wan>....*.*. 

BtflooQ  iabriei  £nbio,'i«nJi8l: 

WitfD 

36 

raS::::::::::!!:::::!!.: 

30 

BUkMo  fabric,  doublo  Uu.. . . 

84 
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AERONAUTICS. 


COTTON  FABRICS. 


Sea  island  dr  Egyptian  cotton;  preferably  the  former,  should  be 
used  for  fabrics  intended  for  use  in  making^  balloon  fabric.  In  gen- 
eral the  fabrics  should  be  as  nearly  as  possible  of  the  same  strength 
in' both  directions.  Ordinary  fabrics  intended  for  clothing  are,  of 
course,  usually  much  stronger  in  the  direction  of  the  warp  than  in  the 
direction  of  tne  filling,  because  the  strain  comes  mostly  on  the  warpi 
and  such  fabrics  are  softer.  Another  item  is,  of  course,  the  expense, 
since  the  fillers  represent  a  greater  manufacturing  outlay. 

It  is  difficult  to  establish  any  very  definite  relation  between  weidit 
and  maximum  strength  attainable,  since  the  methods  of  manu&c- 
ture  play  a  very  important  rdle.  A  heavy  tightly  woven  fabric  may 
actuculy  test  much  lower  than  one  apparently  not  so  strong,  probably 
on  account  of  a  shearing  or  grinding  action. 

The  fabrics  examined  are  in  general  of  single-plv  yams,  the  number 
of  threads  varying  between  120  and  144  per  inch,  depending  on  the 
weight  and  strength.  The  data  given  represent  samples  made  and 
tested  in  this  country,  and  also  test  published  abroad. 


Weight 
(ounces  por 
square  yard). 

Strength  (pounds  per  inch). 

Warp. 

FlUer. 

I 

II 
III 

IV 

y 

VI 

VII 

VIII 

1.60 
1.85 
1.98 
2.44 
2.67 
3.51 
3.86 
4.05 

27.0 
24.3 
31.0 
41.5 
40.9 
70.0 
72.0 
81.0 

26.0 
24.5 
31.0 
49.0 
49.2 
67.0 
75.0 
78.0 

The  curve  shows  that  considerable  variation  is  to  be  expected, 
probably  to  a  lai^  extent  owing  to  the  great  variation  in  metnods  ot 
testing.  Accordinglv,  two  ciirves  are  (&awn  as  limits,  with  a  mean 
or  average  value.  Any  fabric  whose  tests  would  place  it  within  the 
area  indmded  by  these  curves  wouldprobably  be  about  as  good  as 
could  be  expected  in  that  grade.  This  does  not  mean,  of  course, 
that  fabrics  falling  below  this  area  woidd  be  imsatisfactory.^  It  sim- 
ply gives  a  rough  idea  of  the  possibilities  under  best  concutions. 
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Summary  of  various  tests  on  aeroplane  fabrics. 


1876 

Linen  No.  1  vamlah: 
2.  1876,  and  spar  yamjsh 

5.  1876 

4.  1876,  and  spar  varnish 

6.  1877 

6.  1877  and  spar  Tarnish. 

7.  Ck>tton  (lieht  weight)  vaniish,1875. 
Cotton  varnish: 

8.  1875,  and  spar  varnish 

9.  1876 

10.  1876,  and  spar  varnish 

11.  isn 

12.  1877,  and  spar  varnish 

Linen  No.  1,  Am.  chloride  varnish: 

13.  1876,  and  spar 

14.  1878,  and  spar 

15.  1877.  and  n>ar , 

Linen  No.  3  (mednzm  grade)  varnish: 

16.  1876 

17.  1875,  and  spar 

18.  1876 

19.  1876,and8par 

ao.  i8n 

21. 1877.  and  spar 

Linen  No.  1  (rubberiEed)  varnish: 

22.  1876 

23.  1876,  and  spar 

24.1876 

26.  1876,  and  spar 

26.  1877 

27.  1877,and8par , 

Linen  No.  1  varnish: 

28.  1876 

29.  1876,  and  spar 


6.18  95      92 


6.88 
6.40 
6.18 
6.24 
6.42 
3.46 

4. 

3.43 
4.07 
3.24 
4.18 

7.16 
6.90 
7.67 

4.17 

6.60 

4.16 

6.60 

4. 

6.38 

7.87 
8.44 
7.63 
8.89 
7.57 
&94119 


6.18 
6.88 


101 
100 

98 
106 
118 

68 

51 
50 
66 
51 
61 

97 
117 
107 

88.8 
100 
92 
91 
78 
91 

121 
116 
120 
119 
119 


96 
101 


90 
88 
92 
91 
83 
68 

60 
62 
63 
60 
53 

9^ 
100 
96 

74.9 

86 

79 

77 

78 


104 
99 
94 
96 
91 
97 

92 
90 


62|  66.7]  66.0  72.6  36.0 12.94  44r2|&,96 


76  72 
68  67 


71 


90  76 


38  40 


96 


106 
113 


111 
116 


70 


23 
40 
44 

43 

68.4 

60.2 
64 


78 


74.2 

68w0 

72.8 

84. 

71.7 

48.4 

74.0 
48.6 
49.8 
87.2 
86.2 

53.6 
67.6 
64.2 


79.2 
89.0 
87.5 
94.5 
93.2 
96.6 

89.6 

9ao 


80.0 

06.0 

76.6 

82.6 

71. 

50.3 

68.0 
36.6 
63.2 
74.2 

82.0 

6L0 
6a2 
66.3 


75.0 
86,0 
78.7 
100.0 
95.5 
86.7 

92.8 
91.0 


83.6 

23 

22.6 

38.3 

39.6 

23. 

20.6 
9.6 

lao 

22.0 
18.3 


1.6 
1.3 
1.4 


12.90 
10.01 
1L49 
13.74 
12.14 
&7 

6.27 
6.42 

5.C6 
8.03 
7.41 


7.73 
8.18 
&53 
10.69 
8.32 
6.04 


43.6 
43.6 
3&2 
51.9 
60.9 
S2L4 

45.0 
37.0 
34.3 

4ao 

42.1 


63.5 
39.4 
44.3 
38.9 
56.3 
30.0 


3.83 
5.47 
3.27 
3.94 
4.03 
.84 

.76 
.31 
.79 
.96 

.n 


4.34 

3.27 
3.88 
2.83 
5.92 
5.23 


Non.— Samples  Nos.  22  and  29  were  exposed  2  weeks  to  weather;  all  others,  3  weeks. 
eeOnloee  nitrate;  vamishflt,  1876  and  1877— oelhiloee  acetate. 


Varnish,  1876-- 


PERMEABILITY  TESTS. 

As  already  stated  in  the  main  body  of  the  report,  the  method  used 
was  similar  to  that  of  the  National  Physical  Laboratory  of  Great 
Britain,  in  which  the  hydrogen  diffusing  through  the  fabric  is  burned 
to  water  and  weighed. 

Owing  to  the  limited  time  at  our  disposal,  the  tests  were  each  two 
hours  in  length.  Several  tests  were  made  on  each  sample  at  each 
temperature,  and  ordinarily  agreed  within  a  few  per  cent,  when  the 
slight  temperature  differences  were  allowed  for.  (To  save  time  the 
thermostat  was  not  run  always  at  the  same  temperature,  but  simply 
kept  constant  at  one  temperature  for  each  run.  As  the  ^  room 
temperature  varied  greatly  from  dav  to  day  during  the  period  in 
which  the  tests  were  made,  this  made  the  operation  of  the  thermo- 
stat more  simple,  and  in  addition  gave  in  many  cases  a  further  check 
on  the  temperature  effect.) 

Tlie  diameter  of  the  cell  was  220  millimeters. 
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The  hydrogen  was  run  throudi  oniB  side  of  the  cell  at  a  rapid  rate 
for  86vend  hours  at  the  start  of  an  experiment,  to  insure  the  expul- 
sion  of  air.  The  proper  rate  for  the  passage  of  the  air  was  found  by 
experiment:  it  was  noted  that  above  a  certain  point,  even  with 
mcreased  aosorption  apparatus,  the  total  weight  of  water  absorbed 
did  not  increase,  indicating  that  the  hydrogen  was  swept  out  prac- 
tically a»  soon  as  it  entered  the  cell.  In  the  interval  between  tests 
on  the  same  fabric,  the  air  side  was  continually  swept  out,  to  prevent 
the  accumulation  of  hydrogen  on  the  air  side.  For  this  purpose  a 
three-way  stop-cock  was  mtroduced,  and  connections  with  trap- 
bottlee  made  so  that  the  furnace  and  cell  could  be  swept  out  sepa- 
rately with  air.  It  was  found  that  in  some  cases  the  furnace  contained 
small  amounts  of  moisture  that  had  not  been  all  removed  during  the 
ezoeriment,  so  rft  the  expiration  of  the  time  by  turning  the  cock  the 
cdi  was  swept  out  in  preparation  for  the  next  run,  whue  dry  air  was 
drawn  from  without  through  the  furnace  and  absorption  tubes  for 
10  to  IS  minutes. 

Specimen  tests  are  shown. 

Permeability  Uete  on  vanouefabrice. 


Fabric. 

Tempera- 
ture (^.). 

PermeabO. 

it7(Uter8 
ptf square 
meter  per 
24  hours, 
at7«(V0'). 

Ko.  1  MkwD  teMc,  3^17  innlM  (9.3S  OIII1O0B  per  sqiiara  yard): 
litt  qqnm  per  gqn are  yard  n]bl>w  between  plkw 

21.2 

22.07 

29.68 

80.01 

40.08 

40.00 

20.46 
21.65 
29.87 
80.71 
82.27 
88.58 
89.19 

90.04 
20.28 
89.48 
89.68 
40.14 

21.42 
21.91 
22.00 
29.99 
81.68 
40.51 
40.75 

20.81 

20.85 

2L28 

80.51 

80.57 

39.09 

89.74 

20.2 

20.01 

21.29 

38.91 

88.95 

20.02 

20.22 

20.46 

38.96 

89.24 

54.99 

1  omioe  p«  iqaan  yaid  robber  on  liuMa  f aoe 

56.87 

^ts^ssi^-^^'^^^^s^^^iir^.r^}:. 

68.4 
65.8 
79.1 
79.4 

11.64 

11.29 

^'iS^SSS^;^XS^^^SSS^5S^.?.'^}: 

26.84 
11.2 

1 00000  per  square  yard  mbber  on  Inside  faoe 

11.7 

Balloon  doUi  No.  3,  ^ooats  vainidi  No.  U76  on  olotti  (about  2  crnmM  per  sqi^ 

25.25 
10.86 

BiDooo  dotb  No.  8, 4  coats  varnish  No.  1877  on  cloth  (abont  2  oonoee  per  square 
yvd). 

11.8 
11.84 
15.44 
17.11 
94.78 
25.25 

11.18 

11.84 

11.5 

16.90 

17.15 

24.18 

94.22 

1.4 

.8 

1.4 

5.6 

6.6 

4.5 

5.0 

6.6 

10.2 

11.2 
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Permeability  tesU  on  vanoui/abria — Continued. 


Fabric 


PermeabQ- 1 
Ity  ait«rs  i 
persqoare  . 
meter  par  | 
34boiif8,  I 
at760/O").  ' 


Bsllooo  doth  No.  3,  Tarnish  No.  1S77  (2  oiioms  per  square  yard),  on  robber. 


BaUooQ  doth  No.  19  (12  ootioes  per  square  yard). 


4.5S 

4.U 
10.88 
U.S8 
12.7  . 
U.2  • 
11.37 


(1)  It  will  be  noted  that  gelatin  compound  gives  very  low  per- 
meability. The  use  of  gelatin  on  fabric  for  balloons  was  su^ested 
by  Jidhe.^  Austerweil  tried  this  and  found  ^  that  at  first  there  was 
practically  no  loss  in  volume,  even  a  slight  gain  due  to  gases  dissolved 
m  the  water.  After  35  hours  the  membrane  was  apparently  satu- 
rated and  lost  gas  at  practically  the  same  rate  as  the  comparison 
rubber  membrane.  On  the  other  hand,  although  each  of  our  tests 
was  only  two  hours  long,  the  total  time  in  whidi  the  cell  was  filled 
with  hydrogen,  and  the  gelatin-rubber  fabric  in  place,  was  48  hours, 
yet  at  the  end  of  that  time,  when  the  tests  were  made  at  40^  C,  the 
permeability  was  only  one-fourth  that  of  the  rubberized  fabric  alone. 
It  is  possible  that  in  contact  with  dry  rubber  and  dry  gases,  as  in  our 
apparatus,  the  membrane  might  act  diflFerently. 

(2)  Another  point  of  interest  is  the  test  on  fabrics  2  and  3  compared 
with  fabric  19.  The  first  two  were  experimental  samples,  and  for 
convenience  made  parallel.  The  fabric  19  was  bias,  yet  showed  prac- 
tically no  difference  in  permeability.  There  has  been  some  indication 
in  tests  made  at  the  Kational  Physical  Laboratory  that  parallel  fab- 
rics were  much  more  permeable.  They  state  that  probably  the 
method  of  manufacture  nas  a  considerable  effect.  This  has  not  been 
noticed  in  our  tests,  and  the  reason  for  any  such  difference  is  not 
apparent. 

(3)  Temperature  coefficient. — This  varies  with  the  temperature  and 
degree  of  permeability  of  the  material.  From  our  experiments  we 
foimd  the  following  values: 


Rate  of  Increase  at— 


10-20*  C.       20^*  C.       3(M0*  C. 


Kubber  fabric,  permeability  at  15*  C 

Rubber  fabric  coated  with  bounce  gelatin  on  rubber. . 


Pereeta. 
4.4 


Pereeta. 
4.6 
1.8 


Per  cent. 
4 
3.4 


U)  Effect  of  Weaihering, — On  account  of  the  limited  time  at  our 
disposalfor  making  this  investigation,  long  weathering  tests  on  these 
samples  were  not  made.  Aging  b]^  continuous  exposure  for  one 
month  caused  no  increase  in  permeability;  in  fact,  one  of  our  samples 
seemed  improved.  The  ruboer  layers  were  apparently  unaffected, 
so  this  improvement  was  not  due  to  resinification  which  has  bc^n 
noted  in  England,  but  was  more  likely  due  to  a  slight  variation  iu 


1 C.  R.  Acad.  Sc.,  1912,  Feb.  12. 


I  Die  Anfiwaiidte  Chemie  in  der  LnftfUirt,  p.  90. 
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Surface  fndiUm  ofaertmauJticfabricB  at  different  wind  vehcitiet. 


Experiment  No.  1. 

Experiment  No.  2. 

(square  feet). 

Plata  glass. 

Linen  No.  1, 1  coat  varnish,  1870 
(area,50W. 

Mite  per 
boor. 

Net 

oorreo- 

tkm. 

pound. 

Qnas 
ponnds. 

Nat 

poun^. 

Net 

foroe. 
pound, 

XT 

Net 
excess. 

Resist- 
ance 
factor. 

Onss 

force, 

pounds. 

Net 

pounds. 

Net 
pound, 

XT 

Net 

excess. 

Resist- 
ance 
fiMTtor. 

30 
40 

0.030 
.031 
.040 

.on 

.004 

0.384 

.037 

.060 

1.843 

1.708 

0.404 
.068 
1.015 
1.413 
1.803 

0.0079 
.0131 
.0109 
.0370 
.0364 

0 

0 

0.406 
.679 
L040 
L480 
3.040 

0.428 
.710 
L092 
1.651 
2.134 

0.0085 
.0141 
.0218 
.0309 
.0434 

0.0006 
.0010 
.0019 
.0033 
.0060 

1.061 
1.060 

fiO 

1.096 

00 

1.118 

70 

1.168 

CMiditlon  and  area 
(aqnarefeet). 

Experiment  No.  8. 

Experiment  No.  4. 

Linen  No.  1, 8  ooata  Ysraish,  1878 
(iea,MW. 

Linen  No.  1, 8  coats  yamlsh.  1876;  1  coat 
spar  varnish  (area,  50.35). 

Mfleaper 
hma. 

Net 

oorrecv 

tJon. 

pound. 

OrosB 
ponn<u. 

Net 
pounds. 

Net 

pound, 

sguare 

foot 

Net 
excess. 

Resist- 
ance 
factor. 

Onss 

force, 

pounds. 

pounds. 

Net 

pound. 

Net 

excess. 

Resist- 
anoe 
f^M!tor. 

80 
40 
50 
00 
70 

0.030 
.031 
.040 
.071 
.004 

0.804 
.065 
.088 
1.410 
1.919 

0.414 
.090 
1.044 
1.481 
3.018 

0.00833 
.0138 
.0206 
.0205 
.0408 

O.0008 
.0007 
.0009 

.0019 
.0089 

1.042 
1.060 
1.048 
1.067 
1.108 

0.889 

.649 

.981 

1.376 

1.854 

0.409 
.680 
1.037 
1.447 
1.948 

0.0081 
.0135 
.0304 
.0387 
.0887 

0.0003 
.0004 

.0005 
.0011 
.0033 

1.031 
1.064 
1.038 
1.088 
1.061 

Condition  and  vea, 
(square  feet). 

Experiment  No.  5. 

Experiment  No.  6. 

Linan  No.  1,  onooated  (area,  50.18). 

Linen  No.  1, 8  coats  varnish,  1877 
(area,  50.18). 

Miles  per 
honr. 

Net 
oorreo- 

pounJL 

Ones 

foxoe, 

pounds. 

force, 
pounds. 

Nat 

l^und, 

Net 
excess. 

Resist- 
ance 

Onss 
pounds. 

Net 

force, 

pounds. 

pound, 

■2sr 

Net 

excess. 

Resist- 
ance 
factor. 

80 
40 
fiO 
00 

0.030 
.031 
.040 
.071 
.004 

0.457 
.778 
1.304 
1.738 
3.806 

0.477' 
.810 
1.360 
1.809 
8.489 

0.0006 
.0101 
.0349 
.0861 
.0400 

0.0010 
.0080 
.0060 
.0085 

.0183 

1.306 
1.384 
1.354 
1.305 
1.863 

0.890 

.653 

.968 

L893 

L880 

0.410 
.683 
1.034 
1.463 
1.964 

0.0062 
.0136 
.0306 
.0393 
.0906 

0.0003 
.0006 

.0007 
.0016 
.0031 

1.0S4 
1.040 
1.090 
1.066 
1.086 

CoodfUonandaraa 

(square  feet). 

Experiment  No.  7. 

ExperinMQt  No.  8. 

LlnanNo.l,8ooat8Tamisb.l877;  leoat 
spar  vamUb  (ana,  5&.18). 

LiiMoNo.l,8coat8vinilBh.l877;  Sooi^a 
spar  varnish  (area,  60.18). 

Milssper 
boar. 

Net 

pound. 

pounds. 

force. 

Net 

pound, 

Nat 
axoess. 

Resist- 
ance 
Caotor. 

Onss 
poun^ 

Net 

foroe, 
poondi. 

Net 

Ibioe. 
pound, 

XT 

Net 

azoess. 

Resist- 
ance 
factor 

80 
40 

SI 

70 

0.030 
.081 
.040 
.071 
.004 

a898 
.066 

.077 
1.884 
1.884 

a  418 

.686 
1.038 
L456 
1.978 

0.0083 
.0187 
.0304 
.0288 
.0684 

0.0003 
.0000 
.0006 

.0013 
.0080 

1.044 
1.049 
1.028 
1.041 
1.061 

aso8 

.644 
.978 
1.367 
1.874 

a  413 

.675 
1.024 
L438 
1.908 

a0083 
.0134 
.0304 
.0386 
.0892 

aooos 

.0008 
.0006 

.0010 
.0038 

L044 
1.098 
1.028 
1.033 
1.078 
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Surface  fricUon  of  aeronautic  fabriet  at  different  wind  velocitie9 — (Continued. 


^^tfcm 

Experiment  No.  0. 

Experiment  No.  10. 

^•^oawfcet). 

outside  (area,  40.6). 

Balloon  fobrio  No.  3  (same  as  0),  freAhly 
sin«ed  (area,  40.6). 

feu- 

Net 

oonwv 

tfen. 

pound. 

Qnm 

POWPOB. 

Net 

force. 

pounds. 

Net 

force, 
pound, 

•2sr 

Net 
excess. 

Resist- 
ance 
foctor. 

Ones      Net 

force,     force. 

pounds  pounds. 

Net 

force, 
pound, 

•ssr 

Net 

axeeaa. 

Resfot- 

ance 
footer. 

1 

2!? 

aooo 

.091 
.046 
.071 
.004 

0.67a 
1.149 
1.764 
^SOl 
3.462 

a602 
1.180 
1.810 
2.673 
3.646 

aoioe 

.0288 
.0365 
.0518 
.0715 

aoooo 

.0107 
.0166 
.0342 
.0851 

L706 
1.823 
1.888 
1.873 
1.065 

a408 
.888 

1.408 
2.041 
2.806 

a  513 

.914 
1.440 
2.112 
2.992 

0.01Q6 
.0184 

:^ 

.0609 

aooa4 

.0058 

.0009 
.0150 

1.311 
L409 
1.470 
1.589 
1.654 

(aqnanfest). 

Experiment  No.  11. 

«    Experiment  No.  12. 

Balloon  iiebrio  No.  8  (same  as  10);  1  ooat 
Tamiah,  1876  (area,  40.6). 

Balloon  i^bric  No.  3  (same  as  10);  3  ooata 
Tamiah,  1876  (area,  40.6). 

N«t 
oomcy 

tion, 
poond. 

Gran 
pwip^i 

Net 

poonc^ 

Net 

force, 
pound, 

Net 
excess. 

Resist- 

Oroas 

force, 

pounds. 

pounds. 

Net 

force, 
pound. 

Net 

excess. 

Resfot- 

Amir. 

ance 
foctor. 

ance 
lector. 

80 

40 
fO 
60 
70 

aooo 

.031 
.040 
.071 
.004 

0i446 
.788 
1,1»» 
1.722 
X832 

a466 
.814 
1.245 
1.793 
2.496 

aooo4 

.0164 
.0251 
.0962 
.0400 

aooi5 

.0088 
.0062 
.0086 
.0126 

1.180 
1.268 
1.264 
1.800 
1.845 

a804 
.661 
1.000 
1.419 
L004 

a  414 
.602 
1.056 
1.490 
1.996 

a0068 
.0139 
.0213 
.0300 
.0408 

aooo4 

.0006 

.0014 
.0024 
.0039- 

1.066 
1.069 
1.072 
1.089 
1.107 

Condition  and  ma 
(iquarafeet). 

Experiment  No.  13. 

Experiment  No.  14. 

Balloon  fftbrio  No.  3,  bias  (area,  48.88). 

BaUoon  fiabric  No.  3,  bias,  fleshly  singed 

(area,i8.88/. 

1^P« 

Net 

OORWV 

pouocL 

Ones 

POUMJI. 

Net 

pOuudS. 

Net 
pound/ 

Net 

excess. 

Resist, 
ance 
foctor. 

Ones 

force, 

pounds. 

Net 
pounds. 

toJS 
pound/ 

Net 
excess. 

Resist. 

ance 

foolD*. 

ao 

10 
90 

eo 

70 

a020 
.081 
.046 
.071 
.004 

aosi 

1.078 
1.632 
2.343 
3.204 

a  661 

1.100 

1.678 

^2.414 

3.388 

aoi33 

■  0227 
.0343 
.0404 
.0604 

0.0054 
.0006 
.0144 
.0218 
.0880 

1.601 
1.789 
1.728 
1.782 
t902 

0.483 
.864 
1.461 
2.157 
3.048 

a508 
.805 
1.507 
2.228 
8.137 

aoio3 

.0188 
.0909 
.0457 
.0642 

a0024 
.0052 
.0110 
.0181 
.0278 

1.906 
1.402 
1.665 
1.661 
1.702 

Qadttin 

Experiment  No.  IS. 

• 
Experiment  No.  16. 

lend  ana 
•  feet). 

Balloon  fabric  No.  6,  doable  bias,  special 
iUirio  (ana,  40.34). 

BaUoon  i^brio  No.  6,  double  bi«,  spedid 
fobric,  freshly  singed  (area,  4oi4)L^ 

%r 

Net 

OQoe^ 

pound. 

Ones 
potinaB. 

Net 

loroe. 

pounds. 

Net 

force, 
pound/ 

•2sr 

Net 
excess. 

Resist- 
ance 
f^kotor. 

Ones 
pounis. 

force, 
poundi. 

Net 

aquara 

Net 

excess. 

Resist. 

ence 

footer. 

ao 

40 

s 

70 

aoao 

.001 
.046 

.on 

.004 

a468 
.868 
L848 
LOGO 
1648 

a488 
.880 
1.880 
2.030 
2.742 

aoooo 

.0180 
.0081 
.0412 
.0656 

aO020 
.0040 
.0082 
.0136 
.0302 

L262 
tS78 
1.414 
1.400 
t528 

a433 
.744 
1.170 
1.744 
3.379 

a443 
.776 
1.216 
1.816 
2.472 

aoooo 

.0968 
.0600 

aooao 

:SS! 

.0002 

.0196 

L199 
1.202 
1.20 
L991 
1.373 
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Conditfon 
(squan 

Ezp«rlmentNo.21. 

Experiment  No.  22. 

and  area 
)feet). 

Aeroplane  fabric,  rubberized,  No.  23 
(area,  48.8). 

*      No.  24  (area,  48.6). 

Miles  per 
hour. 

Net 

tton, 
pound. 

Qross 
pounc^. 

Net 

force, 

pounds. 

Net 
force, 
pound/ 
square 

foot. 

Net 
excess. 

Reslstr 
ance 
factor. 

Gross 

force, 

pounds. 

Net 
pounds. 

Net 

force, 
pound/ 
square 

foot. 

Net 
excess. 

foctor. 

30 
40 
50 
60 
70 

0.020 
.031 
.040 
.Offl 
.094 

a382 
.653 
1.004 
1.379 
1«824 

0.412 
.690 
1.050 
1.460 
1.918 

0.0084 
.0142 
.0215 
.0299 
.0393 

aooo5 

.0011 
.0016 
.0023 
.0029 

1.070 
1.082 
1.083 
1.081 
1.079 

0.394 
.657 
.988 
1.375 
1.856 

0.414 
.688 
1.034 
1.456 
1.950 

0.0085 
.0142 
.0213 
.0299 
.0401 

.0011 
.0014 
.0023 
.0037 

1.078 
1.083 
L073 
1.081 
1.101 

SURFACE  FRICTION  TESTS. 

In  the  next  to  the  last  column  of  each  experiment,  pages  43-4,  are 

fiven  under  the  heading  ''Net  excess"  the  numerical  diiOFerence 
etween  the  resistance  in  poimds  per  square  foot  of  the  material, 
and  the  resistance  of  plate  ^lass.  In  the  last  column  are  given 
factors  obtained  by  dividing  the  resistance  of  the  material  by  that  of 
glass  at  the  same  velocity. 

In  general  the  resistance  of  an  object  to  the  wind  increases  with 
the  square  of  the  velocity.    The  general  form  is,  for  unit  area: 

When  P= pressure. 
F=  velocity. 
Jr=a  constant. 

It  has  been  found  by  Froude  and  others  that  siu^ace  frictiqp  varies 
with  about  the  1.87  power  of  the  velocity. 

Plotting  the  logarithms  of  the  velocity  against  the  pressure,  we 
obtained  from  our  results,  in  practically  all  cases,  a  straight  line. 
The  values  at  70  miles  per  hour  were  a  uttle  off  in  most  cases,  indi- 
cating the  pressure  of  another  factor,  possiblv  due  to  temperature. 

The  logarithms  were  plotted  and  from  the  values  of  the  faired 
curves,  the  approximate  exponents  and  coefficients  were  obtained 
algebraically  for  some  of  the  most  interesting  cases. 

General  equation  P=K  F*. 

When.  P«  pressure  ia  pounds  per  square  foot. 

F=  velocity  in  miles  per  hour, 
nand  f»  constants. 

K  N 

Bxperiment  1.  Plateglaas 0.0000178       l.g4 

Experiment  2.  linen  No.  1,  vamiah  No.  1876 .0000166        1.85 

Experiment  6.  Linen  No.  1,  uncoated 0000137        1.  92 

Experiment  9.  Balloon  fabric  No,  3 0000192        1. 93 

It  win  be  noted  that  in  general  the  rougher  materials  have  higher 
exponents,  approaching  2  in  the  case  of  b^oon  fabric. 
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PAST  2. 


SKIN  FRICTION  OF  VARIOUS  SURFACES  IN  AIR. 

By  WiLiiB  A.  Gibbons. 


INTRODUCmON. 

The  relation  of  skin  friction  or  surface  friction,  to  the  relative 
velocity  of  a  surface  and  the  surrounding  medium,  and  the  variation 
of  this  relation  with  the  nature  of  the  surface  is  of  growing  importance 
to  the  science  of  aeronautics.  Owing  to  the  greater  speeds  now 
developed  in  air  craft  of  all  kinds,  it  was  decided  to  investi^te  these 
relations  with  particular  reference  to  the  sort  of  surfaces  which  would 
be  used  in  aeronautic  work. 

W.  Froude^  measured  the  resistance  for  various  surfaces  of  various 
lengths  in  a  water  channel,  and  the  residts  of  his  experiments  lead 
to  the  following  conclusions: 

1.  The  force  tangential  to  the  plane  due  to  skin  friction,  ordinarilv 
varies  according  to  the  1.85-2  power  of  the  velocity  for  smootn 
surfaces.  For  rougher  surfaces,  it  varies  practically  as  the  square 
of  the  velocity. 

2.  The  length  of  the  plane  has  a  decided  effect  on  the  average 
resistance  per  unit  area,  the  resistance  decreasing  as  the  length 
increases. 

3.  Sm'ooth  surfaces  do  not  necessarily  increase  according  to  a 
lower  power  of  the  velocity  than  rougher  surfaces,  although  the 
numencal  value  of  the  resistance  per  unit  area  is  less. 

4.  The  index  decreases  as  the  length  increases  for  smooth  surfaces. 
Zahm'  measured  tiie  resistance  due  to  surface  friction  of  planes  in 

a  current  of  air,  and  found  that  all  smooth  surfaces  showed  an  increase 
in  resistance  according  to  the  1.85  power  of  the  velocity.  Buckram 
with  16  threads  per  inch  gave  a  hign  resistance  and  an  mdex  of  2.05, 
practically  2. 

He  measured  the  resistance  of  planes  of  various  lengths  and 
obtained  the  following  equation  connecting  the  length  of  a  plane 
with  its  velocity  and  surface  friction: 


When  F«  Velocity  in  feet  per  second. 
L "-Length  of  planes. 
p».  Tangential  force  per  square  foot. 


(1) 


i  BritiBh  Assoc  Report,  1872, 118;  1874, 940. 
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I  PhlL  Hag.,  Vm,  88-«8  (1904). 
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.  LaoeheBter^  shows  that  to  express  the  resistance  of  a  plane  bring- 
nu[  into  aooount  the  Imear  suse  and  kmematio  viscosityy  we  have  the 

relation— 

Rix^L^V'  (2) 

Wh0n9+r-2 

Vi-Emematio  yiscosity. 
£"*  linear  size. 
7- Velocity. 

The  kinematic  viscosity  ^  v — - 

When  /I »  Coefficient  of  viscosity. 
p»  Density. 

F 
The  kinematic  resistance,  R^^'  i.  e.,  it  is  the  resistance  per  unit 

density.  ^ 

Lanehester  points  out  that  in  terms  of  R^  !Zahm's  equation  (1) 

becomes 

2j«ii.M7i.»  (3) 

whereas  according  to  (2)  L  and  V  should  have  the  same  index.    He 
adopts  the  foUowmg  for  a  smooth  surface. 

Rccv'D-^V^'*  (4) 

Assuming,  what  we  have  found  to  be  the  case,  that  the  exponent 
varies  with  the  nature  of  the  surface,  we  may  put  this  in  the  form 

Rocv^L^V^  (5) 

whence 

For  any  one  surface  it  is  convenient  to  neglect  the  length,  and 
embody  uiis  and  the  p  and  v  values  in  one  constant,  so  we  nave. 

F=  KV*  (7) 

The  value  oi  K  depends  of  course  on  the  units. — throughout  this 
paper  J?wiQ  be  in  lbs.  per  square  feet,  and  V  in  miles  per  hour.  The 
value  of  .1  for  air  is  1.3  times  that  for  water,  so  this  and  the  relative 
densities  eive  a  means  of  calculating  from  one  medium  to  the  other. 

The  values  of  n  and  K  vary  wiui  the  surface  even  for  so-called 
smooth  surfaces,  and  as  will  be  shown,  seem  in  such  cases  to  bear 
a  more  or  less  definite  relation  to  each  other. 


iTWh.B«pt.AdT.Oom.forAw(RiiMitieB,190a-10,p.84.       •  LuohMttr^  AMOdjnaiBlos,  p.  aa 
25802"— S.  Doc  268, 04-1 ^12 
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EXPEBIMENTAL. 

Through  the  kindness  of  the  Bureau  of  Construction  and  Repair 
of  the  Navy  Department  the  excellent  facilities  afforded  by  the 
wind-tunnel  of  tne  Wadiin£|ton  Navy  Yard  became  available  for 
experiments  on  the  frictioncd  resistance  of  various  surfaces.  These 
experiments  were  made  for  the  purpose  of  looking  into  the  matter 
of  surface  friction  wil^  particular  raerence  to  simaces  of  the  sort 
which  would  be  of  most  mterest  from  the  standpoint  of  aeronautics. 

A  glass  plate  about  9^  feet  long  and  34  inches  wide  was  suspended 
vertically,  with  its  surface  tangent  to  the  direction  of  the  wind,  by 
two  wires  fastened  to  the  upper  ec^e  of  the  plate.  The  ends  of 
the  plate  were  enclosed  in  slots  in  faired  strutis,  which  were  fixed 
rigid  to  the  floor  and  ceiling  of  the  tunnel,  and  staved  to  prevent 
vibration.  Smooth  steel  rollers  attached  to  each  side  of  the  slots, 
at  the  upper  and  lower  ends,  prevented  side  movement  of  the  plate. 
They  dia  not  ordinarily  Couch  the  latter,  being  set  to  allow  a  clear- 
ance of  0.01  inch.  Tnus  the  plate  was  free  to  move  within  limits 
only  in  tiie  line  of  the  air  current. 

The  trailing  edge  of  the  plate  was  connected  by  a  steel  rod  to  the 
balance,  allowing  the  horizontal  force  to  be  measured. 

COBBECnONS. 

It  was  foimd  by  experiment  that  the  ends  of  the  plate,  although 
protected  by  the  struts,  were  affected  by  the  air  current.  Tubes 
were  set  in  the  slots  and  connected  with  a  hook  ^auge  manometer. 
From  the  pressure  at  each  end,  the  force  on  the  plate  was  measured 
for  different  velocities,  and  by  a  faired  ciirve,  a  set  of  corrections  at 
different  velocities  was  obtained.  Both  of  tnese  corrections  are  to 
be  added  since  the  air  rushing  past  the  slot  in  which  the  leading  edge 
fits  causes  a  diminution  in  pressure,  and  in  the  other  slot,  an  increased 
pressure.  Both  of  these  changes  in  pressure  would  give  a  thrust 
against  the  wind. 

The  correction  for  the  wires  was  fotmd  by  adding  4  more  sup- 
porting wires,  making  6  in  all  and  measuring  the  force  on  the  plate 
with  mese  additiontd  supports,  then  removing  the  original  wires 
and  measuring  the  resistance  of  the  plate  at  di^rent  velocities  wi^ 
four  wires.  Subtraction  gave  the  effect  of  the  two  wires,  which  were 
used  as  supports  in  all  regular  tests.  This  correction  is  of  course 
to  be  deducted  from  the  observed  force.  To  avoid  maskiug,  smaD 
wedges  were  used  to  hold  the  added  wires  away  from  the  glass,  the 
added  wire  passing  around  under  the  lower  edge  of  the  plate  in  eadi 


case. 


SURFACES. 


Plate  glass  was  used  as  a  standard,  or  ideal  surface,  since  it  is 
probably  as  smooth  as  any  surface,  and  can  be  easily  duplicated. 
The  various  fabrics  were  attached  to  this  by  a  nitrocellulose  varnish, 
by  which,  with  a  little  practice,  we  were  able  to  obtain  a  surface 
practicallv  smooth,  so  far  as  unevenneeses  from  wrinkles,  etc.,  were 
concemea.  The  amount  of  varnish  needed  was  so  small  and  its 
colloidal  nature  such  that  it  was  possible  to  attach  an  imcoated 
linen  to  the  glass  without  affecting  the  outer  surface  of  the  fabric* 
appreciably.  The  linen  surface  could  then  be  tested,  and  treated 
further  as  desired. 
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more  than  two  coats  of  varnish  were  applied,  the  surface 
was  sand-papered  between  each  coat. 

Where  fabrics  were  singed  between  tests,  the 'singeing  was  done 
with  a  blow-torch. 
'  The  surfaces  tested  may  be  grouped  as  follows-: 

1.  Plate  glass. 

2.  Fabric  surfaces  with  nap. 

3.  Fabric  surfaces  without  nap  (linen  and  cotton). 

4.  Varnished  fabrics  (cotton  and  linen). 

5.  Rubber  coated  linen  (plain  and  aluminum  surface). 

The  experiments  were  made  at  velocities  of  30,  40,  50,  60,  and  70 
miles  per  nour.  Owing  to  the  large  size  of  the  plate  (area  about  50 
square  feet)  the  forces  were  large  enough  to  enable  considerable 
accuracy  to  be  obtained.  For  example  m  the  case  of  plate  fflass, 
the  gross  uncorrected  force  is  about  0.27  pound  at  30  miles  per  hour. 
On  uiis  accoxmt  and  also  on  account  of  the  greater  range  of  veloci- 
ties we  were  able  to  detect  variations  in  apparently  smooth  surfaces 
which  were  not  noticeable  in  earlier  expenments  at  low  velocities. 

The  values  of  F  (pound  per  sauare  feet)  the  relative  value  of  F 
compared  with  that  for  glass  called  for  want  of  a  better  term,  the 
resistance  factor  (5.  F.)  and  the  values  of  n  and  K  are  given  in 
Table  I. 


Table  I. — Results  of  expenments  on  stafaee  fricUon,  in  atr,  of  various  surfaces. 

[Tests  were  made  in  wlnd-tumiel,  Wa8biiigton,n>.  C] 

N0H.-1I,  k,  and  F  are  Yalnes  in  equation  F-  K  Vn.    F^lbjsq .  ft. 

V— nmes  per  hour. 
R.  F.— Resistance  factor— F  observed/ F glass. 


No.  Mature  of  surfiaoe  exposed. 


ino». 


ao  mfles/hr. 


F,     B,  F. 


40miles/hr. 


F.     JB.  F. 


60mlles/hr. 


F.     R.F. 


60  mfles/hr. 


F.     R.  F. 


70  mlles/hr. 


F,     R.  F, 


Piste  class. 

nneuDsn: 

1  cost  aero  vandsh, 

1876 

8  costs  aero  varnlsfa, 

M» ,... 

8  costs  sero  varnish, 

187Qy  1  coot  spar 

vsnuBh 

ITnooated 

1  coat  varnish,  1877. 
3  coats  vsmish,  1S77. 
8  costs  varnish,  1877, 

3  coats  spar  var- 

BsDoonfiihfle: 

No.  3,  doable  paral- 

W.  cotton  sorfMSS. 
No.8,doabtoparal- 

lel.singed..^^... 
No.  8,  dooble  paral- 

M^  coat  vanish, 

No.  8,  doii^  piond-' 
M,  8  coats  var- 
-'-^  1870 


1.81 

1.84 
1.89 


1.84 
l.fM 
1.86 
1.86 


No.  8,  MSB,  cotton 


No.6yMas,speefaa, 
cotton  snrlaoe. ... , 

No.  0  Uss,  special, 
cotton,  singed.... 
AffODlaneSbrie: 

Knbber  sarfsoe. . . . . 

Bobber  alomimim 


1.84 

i.go 

2.05 

1.06 

1.86 
1.06 
2.03 
2.06 
1.83 
1.88 


166 

163 
120 


153 
128 
140 
140 


167 

SIO 
06.6 

128 

168 

907 
00.7 
82.6 

166 

166 


0070 
0066 


0061 
0006 
0062 

0082 


0062 

0130 
0108 

0004 


0133 
0000 
0088 
0084 

0086 


1.0000.0133 


1.000  0.0190 


1.081 
1.043 


l.OBl 
1.206 
1.084 
1.044 


1.044 

1.766 
1.311 

1.190 

1.1 
1.691 

1.: 

1.127 
1.070 
1.078 


.0141 
.0138 


.0136 
.0161 
.0136 
.0137 


.0134 


.0184 

.0164 

.0139 
.0227 
.0180 
.0167 
.0142 
.0142 


1.080 
1.060 


1.034 
1.334 
1.040 
1.040 


1.083 


1.0000.0276 


1.0000.0364 


.0218 
.0208 


.0204 
.0240 
.0206 
.0304 


1.Q96J 

1. 

1.408] 

1.9 

1.063 
1.739 
1.378 
1.202 
1.082  .0215 


.0304 

.0066 
.0293 

.0261 

.0213 
.0843 
.0281 
.0247 


.0813 


1.006 
1.048 


1.1 
1.364 
l.r 
1.1 


1.088 

1.888 
^470 

1.364 

1.072 
1.788 
1.414 
1.243 
1.063 
1.073 


.0809 
.0205 


1.118 
1.067 


.0434 
.0403 


.0287  1.088 
.0861 

.0202^  1.066 
1.041 


.0887 

1.306  .0496 

0395 

0904 


.0286 

.0618 
.0430 

.0868 

.0800 
.0404 
.0413 
.0868 
.0299 


1.083 

1.878 
1. 

1.809 

1.083 
1.782 
1.400 
1.331 
1.081 
1.081 


.0302 

.0716 
.0603 

.0490 


1.000 

1.162 
1.106 


1.061 
1.302 
1.066 
1.081 


1.078 

1.965 
1.664 

1.346 


.0403 
.0694 
.0656 
.0500 


1.107 
1.902 
1.528 
1.372 
1.079 
MOl   1  101 
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RESULTS. 
QUALITATIVE. 

The  great  resistance  offered  by  fabrics  with  nap  on  the  surface  will 
be  noted.    The  effect  of  the  weave  is  shown  by  comparison  of  experi- 


ments 9  and  15.  Both  fabrics  are  high-grade  cotton,  but  probably  that 
used  in  experiment  15  is  closer  woven  and  made  of  lonfi^er  staple. 
Biasing  seems  to  increase  the  index,  but  the  effect  woula  probaoly 
not  be  noted  except  at  very  high  speeds. 
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Cotton  ahows  a  higher  resistance  than  lineii;  although  the  cotton 
surfaces  were  finer  weave  than  the  linen.  The  linen  yam,  while  of 
more  varying  thickness,  is  smoother  than  cotton  yam,  due  to  the 
nature  of  the  ultimate  fiber  and  its  greater  length.  The  linen  yam 
is  more  like  a  wire. 

The  effect  of  varnishing  is  very  apparent,  although  no  conclusion 
can  be  drawn  as  to  the  relative  merits  of  various  aeronautic  varnishes. 
Probably  it  is  more  a  matter  of  workmanship  in  applying  and  finish- 
ing the  coat  than  anv  particular  merit  in  the  vamisn  itself.  The  use 
of  a  finishing  coat  of  spar  varnish  ^ves  some  improvement. 

The  use  m  a  varnish  seems  particularlv  advantageous  in  the  case 
of  cotton  fabrics.  This  explains  the  eooa  results  obtained  in  Europe 
by  varnishing  the  gas  bags  of  diri^bles  with  cellulose  acetate  var- 
nish, which  both  improves  the  gas-holdiog  properties  of  the  bag  and 
decreases  the  frictional  resistance.  In  a  well-desired  balloon  most 
of  the  resistance  offered  by  the  air  to  the  motion  of  the  balloon  is  due 

to  friction. 

I 

QUANTTr  ATI  VE . 

If  we  plot  the  logarithms  of  the  velocity  (V)  and  frictional  resist- 
ance in  poimds  per  souare  foot  (F)  we  obtam  practically  straight  lines. 
From  their  slope  we  nnd  the  index  n.  Figure  II  shows  the  logarithmic 
plots  for  the  most  interesting  cases.  It  will  be  noted  that  in  many 
cjEises  the  value  for  70  miles  per  hour  seems  to  lie  above  the  line,  pos- 
sibly indicating  an  increase  m  the  index  as  velocity  increases,  oue  to 
greater  turbtdence.    This  has  been  predicted. 

Using  the  slope  obtained  by  logarithmic  plots  and  F»  pounds  per 
square  loot.  F»  miles  per  hour,  we  may  obtain  the  constant  K,  as 
gzven  in  Table  I. 

From  these  results  it  will  be  noted  that  the  smooth  surfaces  do  not 
necessarily  have  lower  indices.  When  this  was  first  noted  it  seemed 
so  anomalous  that  it  was  thought  at  first  that  there  might  be  some 
experimental  error.  However,  we  note  that  Froude  found  a  similar 
result  (Table  III)  in  the  case  of  tin  foil,  varnish,  and  paraffin. 

The  high  resistance  of  fabrics  having  nap  on  the  siuface  is  note- 
worthy. 

Fronde's  results  obtained  with  an  8-foot  plane  in  a  water  channel 
were  reduced  to  the  same  units,  and  to  air  conditions.  The  values  are 
given  in  Table  11.  Considenng  the  differences  in  conditions  the 
agreement  for  smooth  surfaces  is  close.  The  resistance  of  calico 
was  somewhat  higher  than  the  dotJi  resistance  found  in  our  tests, 
bom  the  photograph  accompanying  Fronde's  paper  ^  the  fabric  used 
by  him  probab]^  had  about  80  threads  per  inch.  Those  used  by  us 
had  about  120  threads  per  inch,  and  on  this  account  presmnably  a 
soioother  surface. 

VALUES  OF  K  AND  N. 

As  already  noted,  smooth  siuf  aces  may  show  a  higher  index  than 
rentier  ones,  while  the  coefficients  JT  vary  in  the  opposite  direction. 
To  obtain  an  idea  as  to  the  relative  values  of  these  two  quantities,  we 
plotted  the  values  of  K  and  N  as  shown  in  Figure  III.    It  wiQ  be 

1  Bitt.  iJMO.  B«port,  Wi,  p.  MO. 
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3 

i  noted  that  the  results  of  our  experiments  seem  to  show  two  distinct 

i  types  of  surface: 

I  1.  Those  having  nap  on  the  surface  have  hi^h  indices  and  high 
exponents.    They  act  somewhat  similarly  to  cafico  and  sand-coated 

\  surfaces  investigated  by  Froude,  and  may  be  classed  as  rough; 
1 


relatively.    The  index  is  1.9  to  2,  usually  nearer  2,  and  the  coefficient 
Kf  0.00002  or  more.     ( F  in  miles  per  hour.) 

2.  Siufaces  which  are  free  from  nap,  and  more  or  less  contiauous 
and  even.  Fabric  surfaces  of  fine  tnreads  closely  woven  and  free 
from  nap  (due  to  singeing  or  natural  great  length  of  fiber,  as  linen) 
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are  the  roughest  of  this  class.  At  the  other  extreme  we  have  coated 
and  yamished  fabrics,  which  may  approach  glass  in  smoothness  under 
good  conditions. 

Considering  the  nature  of  the  quantities  n  and  K,  the  points  for 
smooth  surfaces  lie  remarkably  dose  to  a  straight  line,  the  deviation 


-•Tl 


amounting  to  not  more  than  6  to  8  per  cent,  except  in  two  cases,  and 
tiiieee  fall  on  opposite  sides  of  the  line  (Fi^.  III). 

The  values  found  by  Froude  for  varnishes,  tin  foil  and  paraffin  for 
an  8^oot  plane  in  water  are  also  shown  (Table  II) ,  and  fall  dose  to  the 
Ime.  On  the  other  hand,  ''rough"  siufaces,  calico  and  roughened 
sand,  do  not  come  near  the  line. 
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Tablb  n.^-12eKi2et  qfFroude^s  experimerUi,  eakuUued  to  i 
[84bot  plasM  (600  f «6t  per  mimite)  JT  in  tflnns  of  mflw  per  hoar. 


SarftKM. 

n. 

KJ(F. 

Vamiah 

1.85 
L94 
1.99 
1.92 
2.00 
2.00 
2.00 

166 
126 
101 
261 
209 
223 
256 

ParafBii... 

TinfoQ 

Calico 

Fine  sand 

Medium  eand 

Ooarae  fland 

From  these  figures  we  may  express  the  relation  of  n  and  K  for 
^'smooth''  surfaces  by  the  empiriciEd  equation — 


whence 


Z=  .0000746 -.000032n 
F=  (.0000746-  .000032n)  F« 


(8) 
(9) 


F  being  in  pounds  per  square  foot  and  V  in  miles  per  hour.  While 
this  expression  is  purely  empirical^  in  view  of  our  results  it  would 
seem  as  if  it  might  oe  possible,  withm  limits,  to  evaluate  the  complete 
equation  for  a  smooth  plane  of  fixed  size,  from  the  results  of  one  ex- 
periment. To  apply  this  rigidly  would  of  course  mean  that  the 
curves  for  smooth  surfaces  must  not  cross,  i.  e.,  that  one  given  value 
of  F  and  V  applies  to  one  curve  only.  While  our  results  do  not 
adhere  strictly  to  this  the  deviations  occur  generally  in  the  case  of 
curves  which  are  so  dose  together  as  to  aSnost  overlap,  and  are 
probably  due  to  experimental  error.  The  value  of  f  dep^ds  on  L, 
Dut  this  can  be  figured  as  already  shown. 

On  'the  other  hand,  Froude's  results  indicate  that  in  the  case  of 
water,  there  is  a  fall  in  the  index  as  the  length  of  the  plane  increases. 
This  chajige  seems  to  be  in  the  opposite  sense  to  what  would  be  ex- 
pected.   The  equation 

Uocv^L'F'  (2) 

shows  that  L  and  F  vary  according  to  the  same  power  in  every  case. 
We  should  expect  from  this  the  same  change  in  r,  whether  due  to 
chan^  in  L  or  F.  It  is  known,  and  our  own  experiments  indicate 
that  mcrease  in  F  tends  to  increase  r;  in  other  words,  at  high  speeds, 
the  resistance  would  vary  according  to  a  higher  power  of  len^tn  ana 
velocity.  It  seems  logical  to  assume  that  this  mterchangeability  of 
Fand  L  would  give  a  similar  result  as  L  increases,  namely,  that  r 
would  also  increase,  for  both  L  and  F.  These  changes  in  index  would 
probablv  be  so  small  for  ordinary  experimental  diffeiranoes  as  to  be 
negligible. 
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PREFACE. 

In  the  preparation  of  this  report,  for  which  the  time  available  wajs 
limited  to  a  little  less  than  three  months,  aU  the  literature  on  aero 
engines  that  could  be  obtained  in  the  libraries  of  New  York  City, 
or  that  could  be  secured  by  loan  or  purchase,  has  been  consulted. 
Where  valuable  material  was  found  in  foreign  languages,  translations 
from  the  original  have  been  made  and  in  many  cases  whole  papers  or 
illustrations  that  seemed  worthy  of  reproduction  have  been  photo- 
graphed for  insertion.  The  report  is  divided  into  three  parts,  as  indi- 
cated in  the  contents,  and  at  the  end  of  the  second  part  tne  conclusions 
and  reconmiendations  will  be  found.  The  third  part  includes  four 
appendixes  consisting  of  reproductions  of  various  valuable  material 
referred  to  in  the  text,  but  separately  presented  so  as  not  to  break  the 
continuity  of  thought  and  aigument.  In  the  very  considerable  labor 
involved  m  collection,  translation,  and  digestion  of  the  material,  my 
colleague,  Prof.  F.  O.  WiUhdfft,  has  rendered  most  valuable  service, 
which  is  gratefully  acknowledged. 

Charles  E.  Luoke. 

Note.— The  third  part  referred  to  herein  contama  00  much  matter  that  has 
apfpeared  in  published  form  and  bo  much  la  in  such  form  as  to  practically  prohibit 
satisfactory  reproduction  of  essential  illustrative  matter  that  the  committee  has 
determined  to  present  only  parts  one  and  two.  Part  three  is  in  possession  of  the 
committee  and  may  be  inspected,, 

H.  C.  BiCHARi>60N,  U.  S.  N.,  Secretary, 
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REVIEW  OF  THE  DEVELOPMENT  OF  ENGINES  SUTTABLB 
FOR  AERONAUTIC  SERVICE-ORIGIN,  MEANS  USED,  AND 
RESULTS. 

By  Chablks  E.  Lvoke. 


Put  1  (aV-SERYICE  REQUIBEMENTS  FOR  ABRONAimC  ENGINES— 
POWm  YEBSUS  WEIGHT,  BEUABILITY,  AND  ADAPTABILITY  FAC 
TOB& 

Transportation  over  land  and  water  has  been  revolutionized  by  the 
addition  of  engine  motive  power  to  vehicles  and  boats  to  a  degree 
that  requires  no  study  to  appreciate  but  the  contribution  of  the  port- 
able power  plant  to  aerial  navkaiion  is  even  greater.  It  is  funda- 
mentally creative,  for  without  the  aeronautic  engine  air  flight  would 
be  quite  impossible.  Not  only  does  an  engine  constitute  the  essential 
element  of  the  air  craft,  but  the  engine  must  be  suitable  for  the 
pmpose;  it  must  have  certain  characteristics  never  before  required 
or  produced  bv  engine  desi^ers.  Success  in  flight  and  improvements 
m  nying  machines  rests  absolutely  upon  the  success  with  which  the 
engine  and  its  accessories  that  make  up  the  portable  power  plant 
can  be  made  to  fulfill  the  new  requirements  pecuUar  to  the  nying 
machine.  Before  someone  flew,  no  one  could  specify  just  what  the 
aeronautic  motor  should  be  able  to  do,  except  that,  of  course,  it  should 
be  as  light  as  possible  and  not  stop  in  the  air.  Nor  was  there  any 
demand  for  such  an  engine  that  would  serve  as  an  inducement  to 
en^eers  famiJiar  with  engine  production  to  build  one.  In  short, 
while  tiiiose  few  experimenters  wno  were  engaged  in  trials  of  balloons 
and  ghding  planes  felt  they  might  be  helpeaif  they  could  secure  a 
proper  light  motor,  no  one  felt  sure  it  would  be  of  service  if  produced, 
and  of  course  no  one  could  say  how  li^ht  it  should  be,  or  what  other 
characteristics  should  be  incorporatea,  except  that  of  rehable  con- 
tinuous running  during  a  flight.  Formulation  of  some  of  these  speci- 
fications may  be  said  to  date  from  about  the  years  1901-2.  when  the 
Wrists,  on  the  one  hand,  and  Langley,  on  the  other,  found  that 
existing  engines  developed  lor  other  cbsses  of  service  were  unsuitable, 
the  nearest  approach  beins  the  automobile  endne,  then  pretty  tmcer- 
taiix  in  operation  and  weighing  about  15  poun&  per  horsepower  in  the 
lightest  forms — a  weight  that  would  not  serve  even  if  the  operator 
were  willing  to  risk  his  life  on  the  possibihty  of  engine  stoppage  in 
flight.  It  was  apparent  at  once  that  redesign  for  reduced  weight  per 
horsepower  was  necessary,  and  the  Wrights  proceeded  to  rebuild  the 
automobile  engine,  while  Manly  boldly  departed  from  any  existing 
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practice  and  built  his  five  fixed  radial  cylinder  engine^  both  Manly 
and  Wrights  retaining  the  water  cooling  of  ^  the  most  successfiu 
automobile  engines.  Both  succeeded  in  reducing  weight  enough  to 
make  flight  possible,  the  Wright  engine  producing  a  horsepower  with 
about  7  pounds  and  the  Manly  with  about  2.4  pounds  of  engme  weight, 
the  former  with  a  12-horsepower,  and  the  latter  with  a  5(Miorsepower 
engine. 

Thus  was  flight  initiated  with  engine  redesign  for  weight  reduc- 
tion, and  so  has  flight  improved  in  range,  speed,  and  sfutety,  with 
furtner  redesign  of  engine  in  the  13  or  14  years  that  have  elapsed 
since  that  time,  but  the  end  is  not  yet  in  sight.  The  progress  that 
has  been  made  in  engine  construction,  principallv  m  Europe,  is 
truly  amazing,  in  view  of  the  imique  character  of  tne  problem  and 
the  short  time  that  has  elapsed ;  but  all  this  has  only  served  to  increase 
the  demand  of  the  aeronautic  engineer  on  the  engine  designer  and 
manufacturer,  so  clearly  and  firmly  is  the  principle  established,  that 
progress  in  flying  rests  fundamentally  on  engine  improvement. 
These  years  oi  experience,  however,  have  resuUed  in  some  data, 
derived  largely  from  laboratory  tests  on  the  characteristics  of  the 
engines  that  are  most  successful  in  flight,  and  in  some  more  or  less 
accepted  formulations  of  the  sort  of  service  required  of  aero  engines 
and  their  essential  parts  in  addition  to  weight,  speeds,  power,  and 
general  rehability,  that  might  be  classified  as  adaptability  factors. 

Any  engine,  for  whatever  service,  must  be  suitable,  and  its  design 
must  "be  based  as  much  on  the  specifications  for  suitability  involving 
these  adaptability  factors,  as  on  the  fundamental  principles  dt 
thermodynamics,  stress  resistance  and  the  properties  of  the  materiiJs 
avadlable,  and  these  adaptability  factors  must  be  derived  from  the 
users  or  operators  of  the  machmes  before  the  engine  designer  can 
interpret  them,  preparatory  to  the  incorporation  into  the  engine 
proper  of  those  structural  elements  that  will  make  it  suitable.  At 
the  present  time  there  are  available  some  conclusions  along  this  line 
of  experience,  a  few  of  which  will  be  quoted  and  summarized  before 
undertaking  to  analyze  the  engine  structure  proper. 

After  nine  years'  use  of  engine-driven  aeroplanes  the  engine 
structure  was  summed  up  in  1912  by  Capt.  H.  jB.  Wild,  Paris,  as 
from  his  own  experience  as  follows : 

The  companitively  crude  and  unreliable  motor  that  we  have  at  our  disposal  at  the 
present  time  is  no  doubt  the  cause  of  many  of  the  fatalities  and  accidents  befalliqg 
the  aeroplane.  If  one  will  look  over  the  accessories  attached  to  the  aero  engine  <S 
to-dav,  It  will  be  noted  that  it  is  stripped  clean  of  everything  possible  which  would 
add  head  resistance  or  weight.  The  designer  of  the  aero  engme  is  too  anxious  to 
eliminate  what  he  deems  unnecessary  parts  in  order  to  reduce  the  weight  of  the 
engine,  and  in  doins  so  he  often  takes  away  the  parts  which  help  to  strengthen  the 
durability  and  reliability  of  the  motor. 

Few  engine  designers  seem  to  appreciate  the  importance  of  eliminating  the  least 
tendency  toward  variation  of  angluar  velocity  or  in  the  torque,  if  the  engine  is  required 
to  drive  a  propeller.  The  effect  of  continually  accelerating  and  retarfng  a  propdler 
Is  most  detrimental  to  its  efficiency.  *  *  *  In  front  elevation  an  areo  engine 
should  be  as  compact  as  possible,  so  as  to  reduce  head  resistance. 

Additional  specific  requirements  named  indnde — 

(a)  oil  tank  of  six  hours'  capacity  with  reliable  pimip  for  forced  feed  lubrication, 
internal  oil  pipes,  (b)  standardized  propeller  hub  and  crank  shaft  end,  (c)  heater  lor 
carburetorB  and  gnivity  feed  of  easoline,  (d)  dual  igniticm  and  no  loose  wires,  (e) 
exhaust  silencer^  (/)  exhaust  van^e  lifters  for  stepping  and  compression  release  for 
starting,  (g)  engine  speed  indicator,  (h)  cool  valve  seats.    *    *    *    Engine  builders 
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geoenlly  would  also  do  well  to  viait  aviation  g^unds  more  frequently  and  to  take 
more  interest  in  the  enginee  which  have  left  their  haadfl,  *  *  *  thooffh  in  many 
caMB  the  aviator  does  not  leave  ihe  engine  alone  when  it  ia  working  ri^ht,  hut  tinkere 
with  the  different'adjustmenta  until  uiey  are  ail  out  of  hannony  with  one  another 
and  places  the  blame  where  it  does  not  belong.  *  *  *  The  demand  for  a  reliable 
motor  is  still  prominent. 

Writing  in  1912,  Awsbert  Vorreiter,  Berlin,  gives  the  principal  re- 
quirements which  aviation  engines  have  to  meet,  as — 

Pint.  Small  weight  referred  to  horsepower. 

Second.  Small  consumption  of  fuel,  water,  and  oil,  so  as  to  obtain  the  maximum 
pooible  radius  of  action  with  a  given  quantity. 

Third.  Absolute  reliability  since  in  the  case  of  the  dirigible  engine  hardly  any — ^in 
the  aeroplane  enfi;me  absolutelv  no — repairs  can  be  made  during  a  flight. 

^  In  tiie  demana  for  low  weignt  per  horsepower  the  requirement  of  me  low  fuel  and 
oil  consumption  per  horsepower-hour  are  included,  since  to-day  it  is  no  longer  a  ques- 
tion of  getting  a  machine  to  fly  for  a  short  time  only,  but  to  construct  flying  machines 
for  practical  purposes,  we  have  to  figure  on  a  nmning  time  of  several  hours.  It  may 
easQy  be  shown  oy  calculation  that  an  engiiie  very  li^t  compared  with  output,  but 
reqmrinff  an  excessive  amount  of  fuel  and  oil,  may  weigh  more  per  horsepower  when 
the  wei^t  of  fuel  and  oil  are  included  than  a  heavy  engine  with  low  fuel  and  oU 
ooDsomption.  It  is  true  that  the  oil  consumption  cuts  less  of  a  figure  because  the 
quantity  of  oil  as  compared  with  the  fuel  is  small  and  in  a  good  engine  amounts  to  not 
more  than  one-tenth.  As  a  most  favorable  value  for  fuel  consumption  of  an  aviation 
motor  we  majr  assume  0.536  pound  per  horsepower-hour,  which  value  has  been  repeat- 
edly reached  in  aeroplane  engines.  In  dirigible  engines  figures  as  low  as  0.514  pound 
have  been  obtained. 

Hand  in  hand  with  the  reliability  goes  the  demand  for  durability  and  continuous  main- 
tenance of  high  cajMcity.  It  is  here  that  older  constructions  of  aviation  engines 
sometimes  fall  down  very  badly.  Only  the  continuous  output  which  the  engine  is 
able  to  ^ve  is  to  be  seriouslv  considered  in  an  aviation  engine  as  distinct  from  the 
automobile  engine.  WhOe  tne  latter  is  only  very  seldom  required  to  give  its  maxi- 
mnm  output— and  then  only  for  a  short  time — ^the  aviation  engine  almost  always  runs 
tmder  full  load. 

Additional  specific  requirements  mentioned  include — 

(a)  carburetor  action  and  engine  performance  must  be  independent  of  barometer, 
of  temperatoiey  of  dust,  and  of  tiltinff  of  engine,  (b)  uniform  turning  movement,  (ei 
bahiDce  of  engine  parts,  (d)  hk^  enough  energy  in  rotating  parts  to  produce  fly-wheel 
effect  to  resist  variable  propeller  resistances  and  maintain  engine  speed,  (e)  propellers 
give  best  efficiency  at  speeds  lower  than  are  feasible  in  endues— -in  some  cases  as  low 
■8  half,  (J)  proper  cooling  of  engine  to  insure  lubricfi^on.  minimum  distortion  of  metal 
"^  » temporary  or  pennanent^  (g)  locate  exhaust  discnarse  away  from  operator,  (h) 
zine  by  designing  for  maximum  feasible  speed,  maximum  work 


„W  of  en^e  \         „      „  .       , 

per  cubic  foot  of  displaconent,  and  least  weight  of  metal  of  selected  kind  and  cross 
lection. 

In  a  paper  read  before  the  institution  of  automobile  engineers 
(London)  la  1912,  Mr.  A.  Graham  CIl8u\  summarizes  the  quaUties 
regarded  as  essential  or  desirable  in  an  aeronautical  engine,  as 
follows: 

(1)  Behability:  Failure  of  the  engine  necessitates  the  immediate  descent  of  the 
macbiiiey  if  of  ue  heavier^han-air  type,  which,  should  it  occur  at  an  inopportune 
momenl^  may  be  attended  with  disas&ous  consequences. 

(2)  Kigh  power  weia^t  ratio: 
I              (3)  Eoonoiny  in  fuel  and  oil: 

Are  dmrable  because  of  the  increased  radius  of  action. 

I  (4)  Low  air  resistance:  The  importance  of  air  resistance  becomes  more  marked 

!  mh  increase  in  the  speed,  as  the  power  absorbed  in  this  direction  varies  as  the  cube 

of  the  velocity.  It  may  be  remarked  in  this  connection  that  the  horsepower  required 
to  propel  a  flat  plate  3  feet  in  diameter  through  the  air  is  increased  from  about  6  to 
over  16  by  increaong  the  relative  velocity  of  the  plate  to  the  air  from  50  to  TOmiles 
perhour. 

I  (5)  Controllability  or  flexibility,  although  there  is  not  the  same  need  for  it  as  with 

I  o^^mee  employed  on  automobiles,  is  none  the  less  a  desirable  quality  since  at  low 

! 
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speeds  of  rotation  the  ptjpulsiye  or  tiactive  effort  of  the  propter  is  insufficient  to 
move  the  machine  alon^  the  ground,  and  hence  the  pilot  wul  be  able  to  start  up  wil^ 
out  aaaistance  should  circimistances  necessitate  his  so  doing.  Furdier,  as  the  engine 
is  not  required  to  develop  its  full  power  in  horizontal  flioht  and  when  alighting,  the 
abili^  to  vary  the  speed  durins  descent  is  certainly  prerarable  to  the  crude  method 
of  switching  the  ignition  off  and  on. 

(6)  Freeoom  from  vibration:  The  necessity  for  elimination  of  vibration  as  far  as 
possible  will  be  obvious  when  the  slender  nature  of  the  suppcnrts  upon  which  the  engine 
IS  carried  is  reatized,  espedallv  as  vibration  of  a  dangerous  character  may  be  set  up 
in  the  various  parts  of  the  madiine. 

(7)  Accessibility:  The  question  of  convenience  of  access  is  frequently  overlooked 
or,  at  any  rate,  di8r»ardea  on  account  of  the  care  and  attentbn  which  is  now  nven 
to  the  class  of  engine  before  any  extended  flight  is  made.  But  it  must  be  realizea  that 
from  commercial  consideraUons  alone,  apart  from  the  addition  to  the  time  during  which 
the  machine  can  be  used  and  which  may,  under  some  drcumstances,  be  of  value,  it 
would  be  an  advantage  to  be  able  to  readily  examine  or  dismantle  any  part,  espedUuly 
when  the  applications  of  the  aeroplanes  are  more  widely  extended. 

(8)  Silence  is  desirable  in  any  machine  used  for  pleasure  or  sporting  purposes,  but 
when  it  is  intended  for  employment  on  military  reconnoissance  duties  it  becomes  of 
increasing  importance  to  be  able  to  maneuver  without  giving  audible  warning  of 
approach,  especially  at  night. 

(9)  Gleanlmess  is  in  the  nature  of  a  refinement,  but  it  is  none  the  less  necessary 
since  a  dirty  appearance  is  generally  caused  either  by  the  oil  splashed  about  during 
hand  oiling  or  oy  the  exhaust,  both  of  which  are  objectionable — the  former  because 
the  put  requiring  such  attention  is  apt  at  times  to  run  dry  owing  to  the  irregularity  of 
the  supply  of  lubricant,  and  the  latter  because  it  indicates  an  open  exhaust. 

Another  contribution  along  similar  lines  worthy  of  reproduction 
is  that  of  Granville  E.  Bradshaw  before  the  Scottish  Aeronautical 
Society  (Glasgow),  December,  1913: 

There  is  probably  no  form  of  prime  mover  in  existence  that  is  more  highly  stressed 
or  that  has  a  more  strenuous  life  than  the  aeroplane  and  there  is  undoubtedly  no 
engine  that  has  greater  claims  on  reliability.  The  aeroplane^  manufiu;turers'  cry  for 
the  extremely  light  engine  is  probably  grater  to-day  than  it  ever  has  been  in  the 
history  of  aviation.  l%e  demands  of  the  authorities  who  purchase  aeroplanes  are 
sudi  that  probably  as  much  as  90  per  cent  of  the  factors  which  determine  the  most  sue- 
cessful  machine  are  ^vemed  directly  or  indirectly  by  the  weight  efficiency  and  fuel 
eflSciency  of  the  engine.  By  the  former  is  meant,  of  course,  the  number  of  pounds  of 
weiffht  for  every  horsepower  developed.  That  the  engine  snail  be  extremely  reliable 
is  of  course  taken  for  eranted. 

Among  the  essential  features  of  all  successful  aeroplanes  are  the  following: 

(1)  It  sludl  dimb  very  quickly.  This  depends  almost  entirely  on  the  weight  effi- 
ciency of  the  engine.  The  rate  of  climb  varies  directlv  as  the  power  developed  and 
indirectly  as  the  weight  to  be  lifted.  That  the  aeroplane  shall  be  very  eflScient  in 
this  particular  can  easily  be  understood  when  one  remembers  that  its  capabilitiee  of 
evading  destruction  from  projectiles  depend  to  a  creat  extent  on  how  <iuickly  it  can 
get  out  of  range  of  such  projectiles.  It  must  also  oe  efficient  in  di^mbing  in  ord^r  to 
successfullv  nse  from  a  small  field  surrounded  by  tall  trees  which  may  be  necessitated 
by  a  forcea  landing  during  a  cros|-country  flight  over  a  populous  district. 

(2)  It  shall  have  a  good  gliding  an^le;  or,  in  other  words,  that  from  any  given  heigjit 
it  sbiall  be  able  to  glide  for  a  great  distance,  is  also  governed  indirectly  by  the  weight 
of  the  machine,  and  conseauently  by  the  weight  of  the  power  jpkmt,  b^use  a  ma- 
chkie  with  a  heavy  power  plant  must  oe  designed  with  a  luger  lining  surface  and  must 
be  stronger  in  proportion.  With  the  same  lifting  surface  and  head  resistance*  the 
angle  of  descent  of  the  heavy-engined  machine  wul  be  steeper^  than  that  of  the  li^t 
machine,  as  higher  speed  is  necessary  to  support  increased  wei^t. 

(3)  It  shall  have  a  combination  of  mst  and  slow  flying  speeds.  This  is  of  paranKmnt 
importance  and  one  that  aeroplane  constructors  are  payiiu;  probably  the  greatest 
amount  xd  attention  to.  The  capabilities  of  a  machine  to  fly  slowly  as  welTaa  fast 
depend  almost  entirely  on  the  adoption  of  an  extremely  light  and  powerful  engine. 
If  the  machine  is  designed  for  very  high  speed,  a  slow  speed  is  only  posrible  by  the 
machine,  and  consequently  the  power  plant,  being  very  light.  Note.— The  ¥mig 
characteristics  of  lift  and  cuift  are  also  very  important. 

(4)  It  shall  be  safe  to  handle  in  all  winds  both  with  and  without  the  eogine  in 
opeiation.    Aeroplanes  have  been  built  that  will  carry  as  much  as  16  to  20  pounds 

1  The  heavier  machfaie  glides  flMter,  not  iteeper. 
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per  sqiiare  loot  of  supportiiig  mufBce,  but  ooimtructors  nowadays  agree  that  the  lightly 
loaded  machine  ia  the  safer  to  handle  and  the  average  loading  on  the  planes  is  to-day 
genmOy  in  the  neighborhood  of  4  ot  6  pounds  per  square  foot.  A  neavily  loaded 
machine  depends  to  a  great  extent  on  hi^  speea  of  flight  in  order  to  maintain  it  in 
the  air.  Should  the  speed  fall,  unconaciously  to  the  pilot^  through  loss  of  engine 
power  or  from  any  other  cause,  the  oontrol  becomes  sluggiah  ana  will  not  answer 
quickly,  the  aeroplane,  unless  the  nose  is  put  down  very  quickly  to  increase  the 
roeed,  noundere  aibout  like  a  log  in  the  sea  and  generally  ends  in  a  side  slip  and  one 
d  Qteae  terrible  nose  dives  that  nave  deprived  us  of  so  many  of  our  beet  pilots.  The 
life  of  the  pilot  of  the  heavily-loaded  machine  is  more  dependent  upon  the  good 
behavior  of  the  engine  than  is  the  life  of  the  pilot  of  the  lightlv-loaded  machine,  and 
the  latter  could  probably  go  on  flying  in  search  of  a  good  alignting  ground  with  two 
on  three  cylinders  not  firing  at  all. 

(5)  It  aoall  be  able  to  remain  in  the  air  for  long  periods.  This  depends  chieflv 
OQ  uie  oil  and  gasoline  consumption  of  the  engine  and  without  efficmncy  in  this 
reepect,  the  extremely  light  power  plane  is  practically  useless,  as  flights  of  only  a 
few  minutes  duration  are  not  ukely  to  be  of  much  use  in  serious  warfare. 

All  the  essentials  lust  enumerated  and  particularly  the  last  depend  of  course  on 
the  engine  being  absolutely  free  from  any  breakdown,  which  point  has  not  been  dealt 
with  as  it  is  not  a  debatable  one.    We  are  all  without  doubt  of  one  mind  on  this  matter. 

Finally  there  are  reproduced  below  some  extracts  from  the  Notice 
to  Competitors  issued  by  the  British  Ooyermnent  for  1914  com- 
petifcion  for  nayal  and  military  aeroplane  engines,  all  bearing  on  the 
question  engine-service  requirements: 

1.  REQUntEMENTB  TO  BB  FUUILLBD. 

(a)  Horsepower,  90-200.  (&)  Number  of  cylinders  to  be  more  than  4.  (c)  Gross 
wei^t  ]ga  noTsepower,  calculated  for  six  hours'  run  not  to  exceed  11  pounds.  The 
^tn  weight  includes  engine  complete  with  carburetor  devices  connected  up  (exclu- 
nve  of  the  gasoline  tank  and  pipes),  all  isnidon  and  oiling  appliances,  starting  handle. 
..n  — iz 1.- .   _    *-^  guarding,  air  guides,  and  any  water  radiator  ana 


aD  cooling  appliances—  e.  fi[.,        „  „,        «         , 

water  connections  and  any  oil  left  in  the  engine.    It  wul  also  include  all  fuel  and  oil 

flopplied  for  six  hours'  ran  and  aU  oil  containers  and  pipes  therefrom. 

jne  gross  wei^t  per  horsepower  is  the  total  weight  of  the  engine  divided  by  the 
fcnre  &  horsepower,  below  which  the  output  has  not  been  allowed  to  faU  throughout 
tSe  aixhours'  run,  with  a  tolerance  of  3  per  cent  for  small  variations  and  inaccuracy 
ofineasarementB. 

(d)  8hax>e  of  engine  to  be  suitable  for  fitting  m  an  aeroplane. 

2.   DE8DIABLB   ATTRIBUTES   OF   AN   AEBOFLANB    ENGINE. 

(a)  Light  total  weight,  (b)  Economy  of  consumption,  (c)  Absence  of  vibration. 
{i)  Smooth  running  \^ether  m  normal  or  inclined  position  and  whether  at  full  power 
or  throttled  down,  (e)  Slow  running  under  light  load.  (/)  Workmanship,  (p) 
Bflenoe.  (A)  Simplicity  of  construction,  (t)  Absence  of  deterioration  after  test. 
0)  Suitable  shape  to  minimize  head  resistance,  (k)  Precautions  against  accidental 
Btoppege— e.  g.,  dual  ignition.  (Z)  Adaptable  for  starting  otherwise  than  by  pro- 
peller swinging,  (m)  Accessibility  of  parts,  (n)  Freedom  from  risk  of  fire,  (o) 
Absence  of  smoke  or  ejections  of  oil  or  ffuoline.  (p)  Convenience  of  fitting  in  aero- 
plane, (a)  Relative  invulneiabili^  to  small-ann  piojectUes.  (r)  Economy  (in 
bulk,  weight,  and  number)  of  minimum  spare  part  equipment.  («)  Excellence  of 
material,  (t)  Reasonable  price,  (t^)  Satis&u^tory  running  under  climate  varia- 
t&oos  of  temperature. 

In  the  recently  issued  specifications  issued  by  the  United  States 
Navy  Department  a  number  of  items  appear  bearing  on  engine- 
fiervice  requirements  which  are  abstracted  and  reproduced  wiow 
for  comparison. 

''They  shall  be  well  balanced  and  produce  no  excessive  vibration 
at  any  power.  To  be  capable  of  being  throttled  down  to  20  per 
cent  of  the  revolutions  per  minute  for  full  power.  The  weight  of 
the  engine  complete,  with  ignition  system,  magnetos,  carburetors, 
pumps,  radiator,  cooling  water,  and  prqpeller  not  to  exceed  6  pounds 

25302*— S.  Doc.  268, 64-1 ^18 


Digitized  by 


Google 


194  AEBONAUTIOS.  * 

per  brake  horsepower.  Engine  to  be  fitted  with  some  type  of  com- 
pression release  as  a  means  of  stopping  it.  To  be  fitted  with  a 
practical  means  of  starting  from  puot's  seat  when  installed  in  an 
aeroplane.  All  moving  ps^  not  lubricated  by  a  splash  or  forced 
lubncation  system  to  be  readily  accessible  for  inspection,  adjust- 
ment, and  oiling.  Ready  means  shall  be  provided  for  checking 
and  making  adjustment  to  the  timing  of  the  engine.  To  have  an 
accurate  and  positive  lubricating  system  which  wm  insure  a  uniform 
consmnption  of  lubricating  oil  proportional  to  the  speed  of  the  engine. 
All  parts  subject  to  corrosion  to  be  protected  from  the  effects  of 
salt  water.  To  be  fitted  with  an  approved  attachment  for  obtain- 
mg  the  revolutions  per  minute.  To  be  provided  with  means  for 
preventing  fire  in  case  the  engine  is  turned  upside  down.  A  hand- 
throttle  lever  and  connections  to  carburetor  to  be  provided  that 
can  be  applied  for  convenient  operation  by  the  pilot.  This  lever 
to  be  designed  with  a  positive  means  of  retaining  it  at  the  throttle 
adjustment  desired  by  the  pilot.  All  bolts  and  screws  without 
any  exception  to  be  provided  with  an  approved  positive  means 
for  preventing  backing  out  due  to  vibration.  No  soft  solder  to  be 
usea  in  any  part  of  the  power  plant." 

Among  the  conditions  for  acceptance  tests  the  following  stipulation 
will  be  noted:  ''Motor  to  be  run  at  fuU  power  for  one-half  hour  under 
conditions  approximating  operations  in  the  aeroplane  in  a  heavy 
rainstorm." 

At  the  present  time  many  of  the  important  conditions  that  an 
aeronautic  engine  must  fulfill  are  pretty  well  settled,  at  least  in  kind, 
if  not  degree,  but  every  day  sees  some  new  attribute  announced  as 
desirable,  so  that  while  it  can  hardly  be  said  that  aero  service  require- 
ments for  engines  are  now  reducible  to  rigid  specifications,  they  can  be 
formulated  with  enough  precision  to  enable  an  engine  designer  and 
manufacturer  to  imdertake  production  with  some  prospects  of  success 
or  acceptance.  In  so  proceeding,  however,  no  designer  or  manufac- 
turer can  afford  to  ignore  past  experience  in  engine  construction  nor, 
on  the  other  hand,  may  old  constructions  be  slavishly  reproduced,  for 
what  was  acceptable  yesterday  may  not  be  to-day,  and  certainly  will 
not  be  to-morrow. 

All  these  service  requirements  can  be  classified  imder  three  head- 
ings  for  future  more  or  less  minute  analysis. 

POWEB-WEIOHT  RATIO,   BELIABUJTY,   AND  ADAFTABILrTT. 

If  the  engine  complete  with  full  tank  is  light  enough  it  can  be 
used — and  is  most  useful  when  most  light^  and  this  weight  involrea 
many  factors,  each  of  which  must  be  considered — some  mdependent 
of  others  but  many  interrelated.  The  longer  the  contemplated 
flight,  the  more  change  there  must  be  in  the  relation  between  specific 
fuel  and  oil  consumption  of  the  engine  and  the  weight  of  the  engine 
proper;  so  in  any  consideration  of  this  item  length  of  flight  must  be 
mcluded.  Not  yet,  however,  has  the  engine  or  night  art  reached  the 
point  where  it  is  prepared  to  fix  a  minimum  weight,  though  each  year 
sees  a  definite  maximum.  In  fact,  one  of  the  problems  of  the  day  for 
the  aero  engine  designer  is  to  discover  means  for  lowering  more  and 
more  both  this  maximum  pepmissible  weight  that  many  can  attain. 
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and  the  minimum  possible  attainable  by  only  a  few  of  the  best — and 
with  increasing  flignt  lengths  this  is  becoming  more  and  more  a  matter 
of  raising  tibermal  efficiency,  engine  s|>eed,  and  cylinder  mean  effective 
pressure,  with  correspondmg  reduction  of  lubricating  oil.  On  the 
weig:ht  question,  therefore,  it  is  not  the  service  conditions  that 
gpecUy  what  is  wanted  other  than  that  it  shall  be  as  low  as  possible, 
but  rather  the  en^e  designer  is  put  on  his  mettle  to  say  how  far  it  is 
possible  to  go  with  due  consideration  to  the  other  two  elements — 
reliability  and  adaptability. 

ReliabiUty  is  demanded  always,  but  how  much?  Some  writers 
call  for  absolute  reliability  and  others  try  to  specify  in  numerical 
terms  a  value  for  one  or  another  of  its  elements.  For  example, 
in  the  1913  German  tests,  any  engine  that  dropped  to  85  per  cent 
of  its  normal  speed  was  rejected,  and  this  stipulation  was  retained 
for  the  1914  competition.  Again,  in  the  British  conditions,  the 
only  power  rating  allowed  was  the  least  attained  at  any  time  in  six 
hours.  Now  absolute  reliability  is  impossible,  for  this  would  mean 
continuous,  iminterrupted  operation  without  variation  in  any  respect, 
except  at  the  operator's  will.  No  such  engine  has  ever  been  built 
nor  will  it  ever  be  built.  Obviously  what  is  wanted  is  as  great  a 
reliability  factor  as  the  engine  designer  and  builder  can  secure  con- 
sistent with  other  factors,  so  here  again,  as  with  the  unit  weight 
factors,  the  problem  is  one  for  the  producer  to  say  how  far  the  relia- 
bility can  be  assured,  rather  than  tor  the  user  to  specify  and  reject, 
especially  on  laboratory  tests.  However,  rejection  on  such  grounds 
is  far  more  justifiable  than  acceptance,  for  the  engine  so  accepted 
may  fail  on  its  first  flight,  due  to  some  accident  or  to  faulty  operator's 
adjustment.  What  is  needed  here  is,  first,  analysis  of  the  reliability 
factor  into  its  elements  and  by  cooperation  between  engine  desiCTier 
and  user,  an  agreement  on  reasonable  values  for  each,  so  one  will  not 
promise,  nor  tne  other  expect  the  impossible,  but  each  imderstand 
clearly  the  limits — and  more  important,  the  reason  for  the  Umit — 
that  means  may  be  sought  to  eliminate  the  disturbing  cause. 

About  the  same  situation  is  true  with  the  third  lactor,  adapta- 
bility, and  its  elements — such  as  shape,  vibration,  silence,  accessi- 
bility, uniformity  of  torque.  They  may  be  specified  to-day  only  in 
the  qualitative  or  comparative  way,  though  some  of  them  are  capable 
of  formulation,  quantitatively,  such  for  example  as  torque  variations. 
So  far  it  has  not  seemed  feasible  to  impose  any  such  limits  but  to 
leave  the  field  wide  open  to  the  designer  with  an  expression  of  desire 
for  as  high  a  degree  of  success  as  is  possible  with  each. 

The  reason  for  this  state  of  affairs  in  the  art  ia  clearly  due  to  its 
youth  and  the  necessity  at  present,  and  for  some  time  to  come,  for 
the  maximum  possible  encouragement  of  invention,  desim,  research, 
uid  manufacture,  until  it  becomes  clear  to  all  just  how  far  it  is  pos- 
sible to  go  in  any  direction  after  enga^g  all  available  resources  of 
talent,  material,  money,  and  plant.  When,  after  such  a  period,  one 
or  more  standard  types  of  engme  or  enjrine  parts — or  even  of  air  craft 
itself — have  been  established,  then  wifl  it  be  feasible  to  specify  more 
particularly  and  numerically  all  the  elen/ents  of  each  of  the  factors 
of  unit  weight,  reUability,  and  adaptabiUty. 

In  the  meantime^  the  problem  is  one  of  review  of  engines  produced 
and  an  analysis  oi  their  construction  and  performance  as  a  whole 
and  with  it  a  similar  analysis  of  fundamental  possibilities.    This  must 
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include  a  more  or  less  standard  examination  of  each  of  the  essentia) 
parts  of  the  engines  and  the  relation  of  form  and  arrangement  to 
the  perfection  or  imperfection  With  which  the  part  performs  its  par- 
tial duty  or  fimction.  Even  now,  as  Soreau,  reporting  the  French 
tests,  points  out,  the  relative  importance  of  low  engine  weight  proper, 
reUabuit^P'  and  life,  and  consumption  of  fuel  and  oil^  orij^aUy  con- 
sidered in  this  oraer,  has  been  reversed,  experience  indicating  that 
the  last  is  now  first  and  the  first  last. 

Part  1  (b).— MEANS  EMPLOYED  UP  TO  THE  PRESENT  TO  PROMOTE 
AERO-E^GINE  DEVELOPMENT,  INCLUDING  POSSIBLE  MEANS  NOT 
EMPLOYED. 

Any  new  art  develops  as  fast  as  encouragement  is  offered  or  as 
fast  as  the  necessary  means  are  made  available  and  intelligently  - 
used,  and,  of  course,  mversely  as  the  difficulties  involved.  It  would 
be  hard  to  find  any  class  of  machine  among  those  developed  in  mod- 
em times  that  haa  to  face  the  same  inherent  difficulties  incident  to 
the  nature  of  the  problem,  or  one  that  received,  at  least  for  the  firat 
few  years,  so  little  real  encouragement  and  assistance  as  this  one, 
the  aero  engine.  The  initial  step  is  one  of  conception,  which  must 
be  subseauently  checked  by  construction  and  trial.  This  must  be 
followed  by  commercial  perfection,  which  requires  endless  research 
by  test  and  computation — ^not  only  on  the  machines  as  a  whole  but 
to  a  larger  degree  on  each  element  of  the  problem  that  analysis  indi- 
cates to  have  separate  entity,  and  on  ^oups  of  elements  tnat  have 
coordinate  functioning.  Construction  is  here  again  necessary,  not 
only  of  the  complete  machine,  but  also  of  variante  on  each  part,  and 
of  instruments,  appUances,  models,  and  apparatus  that  do  not  them- 
selves ^ter  into  tne  result  but  are  essential  to  its  attainment.  Fi- 
nally, with  commercial  perfection,  further  construction  work  is  neces- 
sary to  create  the  means  of  rapid  large  scale  reproduction  within  the 
limits  of  dimensions  needed  for  interchangeaoility  of  parts,  i.  e., 
establishment  of  the  manufacturing  plant.  It  must  be  understood, 
however,  that  these  three  steps  that  must  be  undertaken  in  this 
order  on  general  principles  may  not  be  repeated  many  times  over 
even  when  concerned  with  the  same  product,  such  as  the  aero  engine, 
or  that  the  earUer  step  ceases  when  the  latter  is  inaugurated,  for  this 
is  not  true.  These  three  stages  or  periods  of  development  may,  for 
the  want  of  better  terms,  be  designated  as,  first,  the  period  of  inven- 
tion; second,  the  period  of  design;  and,  third,  the  period  of  manufac- 
ture. Design  can  not  be  undertaken  before  invention,  whether  that 
invention  be  of  the  patentable  sort  or  not.  Yet  invention  undoubt- 
edly proceeds  long  after  design  has  been  firmly  established  and,  of 
course,  while  manufacturing  may  not  be  undertaken  until  both  in- 
vention and  design  have  accomplished  a  reasonably  commercial 
perfect  product,  it  goes  without  saymg  that  both  invention  and  design 
will  continue  during  the  whole  of  the  manufacturing  period. 

With  the  exception  of  invention,  which  needs  litUe  enooura^ement 
beyond  a  stimulation  of  the  imagination,  the  primary  factor  m  sug- 
cessful  development  is  mondy,  for,  with  sufficient  fimds,  the  necessary 
professional  sKill,  labor,  materials,  and  plant  mav  be  secured  for  carry- 
ing out  the  steps  of  design  and  manufacture.  Of  course,  money  may 
be,  and  usually  is,  misspent  in  these  developments,  especially^  whea 
the  control  is  m  the  hands  of  persons  lacking  engineding  skill  and 
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^perience,  so  there  should  be  added  the  reqiurement  that  organiza- 
tion be  associated  with  money. 

No  better  illustration  of  this  situation  can  be  given  than  that  of  the 
steam  turbine,  whose  period  of  development  practically  coincides  with 
that  of  the  aero  engine,  but  which  has  been  broi^ht  to  a  state  of  com- 
mercial perfection  that  the  aero  engine  has  not  even  approached, 
partly  by  reason  of  the  better  understanding  of  the  service  require- 
ments that  are  not  yet  fully  formulated  for  the  flying  machine,  but 
almost  entirely  because  of  we  differences  in  the  means  employed  for 
the  development.  The  steam  tmrbine  had  its  invention  stage,  and 
while  invention  still  proceeds  it  is  largely  superseded  by  rational  de- 
sign for  manufacture,  under  skillful  guidance,  under  proper  organiza- 
tion, suitably  financed  and  satisfying  an  ample,  well-understood  mar- 
ket demand.  The  aero  en^e  is  stOl  lawely  undeveloped,  invention 
is  still  more  active  than  design,  and  the  aSnost  microscopic,  painstak- 
ing research  required  to  establish  the  data  necessary  for  design  is 
almost  wholly  lacking,  so  naturally  manufacturing  in  the  true  sense 
of  the  term  is  correspondingly  nonexistant,  thou^  a  few  individual 
models  of  engines  are  being  reproduced  in  fair  numbers. 

The  millions  of  dollars  needed  for  rational  perfection  for  manufac- 
ture become  available  to  the  suitable  organization  ordinarily  only 
when  a  permanent  market  is  clearly  in  sight  and  when  the  service 
requirements  of  the  product  are  reasonably  definite.  In  the  case  of 
the  aero  engine,  this  market  has  been  absent  or  at  least  very  uncer- 
tain and  the  service  requirements  very  hazy— both  so  much  so  that 
under  ordinary  conditions  the  aero  en^e  could  not  have  reached 
even  the  degree  of  perfection  so  far  attamed,  tmsatisfactory  as  it  may 
be,  without  other  incentives  or  different  sorts  of  encouragement  than 
the  ordinary  article  of  commerce  receives  as,  for  example,  i^ain  the 
steam  turbme.  This  special  element  in  perfecting  the  aero  engine  is 
that  of  governmental  aid  based  on  military  necessity,  a  comparatively 
recent  force  in  the  situation  but  now  a  very  strong  one  in  Europe,  but 
almost  wholly  lacking  in  America.  The  military  establishment  can 
purchase  what  it  nee£  in  the  market  only  when  there  is  a  reasonably 
strong  civilian  demand  for  the  same  article,  strong  enough  to  warrant 
the  financial  investment  necessary  for  its  perfection — and  such  is  the 
case  with  the  automobile  and  traction  engine.  On  the  other  hand, 
when  there  is  no  such  demand,  however  active  invention  may  be. 
rational  design  and  manufacture  will  be  abs^it  and  must  be  suppliea 
by  the  Army  and  Navy  through  their  own  organization  and  plants, 
or,  as  an  alternative,  reasonably  steady  annuad  governmental  appro- 
priations for  purchasing  sufficient  quantities  by  the  military  depart- 
ments may  be  made  the  oasis  of  support  for  civilian  production .  Such 
is  the  case,  for  example,  with  ordnance  and  to  some  extent  with  ships. 
For  several  vears  after  the  demonstration  that  engine-driven  air 
craft  could  make  successful  flights  the  only  encouragement  offered  to 
development  was  that  of  adventurous  sport.  Men  whose  incomes 
were  sufficient  became  purchasers  of  macnines  for  their  own  amuse- 
ment and  others  bought  machines  for  making  exhibition  flights  before 
paying  audiences  for  the  profit  to  be  derived.  Both  sorts  of  operators 
took  diances  with  the  iinperf ections  of  the  machine  in  a  spint  of  ad- 
venture or  speculation,  but  practically  all  made  short  nights  that 
made  no  sucn  demand  on  the  engines  as  is  now  standard.  Men  such 
as  Eiffel,  and  Deutsch  de  la  Meurtne,  should  be  mentioned  for  their  con- 
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tributions  of  large  sums  of  money  for  scientific  investigations,  not  of 
engines,  however,  and  the  national  subscription  funds  of  France  and 
Germany,  all  of  which  assisted  in  development.  In  many  cases,  even 
with  these  short  flights,  the  engine  was  taken  apart,  cleaned,  re- 

E aired,  and  readjusted  before  eadi  ascent.    Even  as  late  as  Septem- 
er,  1912,  Mr.  Earle  L.  Ovington,  writing  in  the  Scientific  American 
reports: 

Usually  every  15  hours  of  running,  and  at  most  every  20,  my  mechanics  (skilled 
men)  went  through  the  interesting  process  of  separating  eveiy  smgle  component  part 


of  my  motor,  one  from  the  other.  The  valves  were  regroimd  and  retimed,  because 
of  valve-gear  wear,  new  valve  sprin«93  were  inserted,  the  tappet  rods  were  adiusted, 
and  the  whole  motor  was  given  a  ricia  inspection.  Tne  Gnome,  in  common  with  most 
rotary  motors,  uses  castor  oil  as  a  lubricant,  hence  at  each  cleaning  g^t  quantities 
of  carbon  were  removed .  I  claim  that  any  engine  requiring  such  attention  may  rightly 
be  termed  ''delicate.''  How  far  would  you  get  in  an  automobile  if  you  haa  to  take 
the  entire  engine  to  pieces  and  readjust  practically  every  working  jirt  of  the  whole 
motor  every  15  or  20  hours  of  service? 

In  an  article  in  the  Auto  Car  of  March  28, 1914,  we  find  the  follow- 
ing statement: 

The  Gnome  en^e  requires  cleaning  out  after  about  24  hours'  oontinous  running 
if  it  is  to  be  kept  m  tune.  The  French  military  regulations  demand  that  the  Renault 
be  cleaned  out  after  200  hours'  running.  Users  of  other  aeroplane  engines  have  told 
the  writer  that  cleaning  carbon  out  is  hardly  ever  necessary. 

With  such  an  imcertain  and  capricious  market  perfection  of  the 
aero  engine  could  hardly  be  expected  in  a  whole  hietime,  especially 
as  the  amount  of  business  in  any  one  country  would  scarcely  suffice 
to  support  one  producing  establishment,  and  that  one  unable  to  bear 
the  expense  of  the  high-salaried  engineers  competent  to  supervise 
the  work  and  when,  at  the  same  time,  the  stimulus  to  the  imagina- 
tion created  by  the  idea  of  the  mechanical  flight  produced  thousajids 
of  inventions  and  inventors,  each  seeking  ana  many  finding  financial 
support,  under  the  influence  of  the  excitement  of  the  time  rather  than 
from  any  sound  business  basis.  Failures  necessarilv  must  be  nunoier- 
ous  under  such  conditions,  and  every  failure,  whetner  of  mechanism 
or  finances,  set  back  the  art  and  discouraged  the  rest. 

During  this  period  the  miUtary  oigamzations  of  all  the  nations 
watched  results  and  piu*chased  a  few  machines  for  experimental 
purposes,  out  of  which  grew  the  conviction  now  so  firmly  established 
aad^so  thoroughly  demonstrated  in  the  present  European  war  that, 
however  impenect  the  aeroplane,  it  is  a  military  necessity  and  must 
be  perfected.  Perfection  oeing  impossible  or  too  slow  without 
governmental  aid,  plans  were  formulated  by  the  Eiux>pean  nations, 
one  after  the  other,  and,  in  addition  to  creating  a  corps  of  flying  men 
with  suitable  cooperation  with  the  mihtary  establishment,  competi- 
tive tests  for  aero  engines  were  organized  by  Germany  1912—14; 
France  1909,  1911,  and  1913  in  cooperation  with  the  Ligue 
Nationale  A6rienne  and  the  Automobile  Club  de  France;  Italy  1913 : 
and  England  1914,  in  which  substantial  money  prizes  were  offered 
for  successful  machines  and  in  some  cases  buying  orders  given  to 
winners  in  the  contest.  It  was  the  intention  to  make  each  of  these 
contests  an  annual  event  so  as  to  not  only  continue  the  development 
of  engines  under  this  incentive,  but  to  show  clearly  the  annual 
progress  by  comparison  of  the  entries  in  successive  years  on  the  basis 
of  their  performance,  in  relation  to  their  form,  materials,  and  propor- 
tions. The  contests  so  far  held  are  summarized  in  Appendix  1, 
which  also  reproduces  the  conditions  and  such  of  best  results  with 
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some  discussions  and  interpretations  as  are  obtainable  from  pub- 
lished reports.  Unfortunately  the  European  war  has  interrupted 
reports  oi  such  tests  as  were  completed  m  1914  and  prevented^  the 
canying  out  of  others,  so  that  the  latest  information  of  this  class  is 
not  now  obtainable. 

Besides  these  eovemmental  contests  with  cash  prizes  and  pur- 
chasing orders,  which  are  undoubtedly  the  biegest  sin^e  influence 
80  far  brought  to  bear  on  the  rational  development  of  the  aero 
engine,  there  are  some  other  coordinate  factors  to  be  noted,  and  these 
are  dvilian  contests  conducted  by  oi^ganizations  interested  pro- 
fessionally in  promoting  the  art  or  by  individuals,  reports  of  which  are 
also  given  in  Appendix  1,  with  £ne  Oovemment  contest  reports. 
Amon^  these  private  contests  are  to  be  noted  in  France  Competition 
of  LaLigueNationale  A6rienne,  1911;  Automobile  Club  of  £Vance, 
1913;  England,  Alexander  contest,  first  for  British-built  engines, 
1909,  ana  second  for  any  enmie,  1912. 

Finally^  there  must  be  noted  amon^  these  influences  for  good  in  the 
rational  development  of  the  aero  engine  the  establishment  of  labora- 
tories for  testing  engines  alone  or  flying-machine  supportiog  and 
control  elements  alone,  or  both  engine  and  air  craft,  and  reference 
is  made  to  the  paper  by  Dr.  A.  P.  /^ahm,  May,  1915,  reproduced  in 
Appendix  2,  with  other  laboratory  references  in  addition  to  those 
contained  in  the  contest  reports  of  Appendix  1.  Some  of  the  results 
obtained  in  these  laboratories  are  not  published  and  apparency 
but  little  work  has  been  done  on  engi^ies.  It  is  assumed  that  most 
of  the  laboratory  work  on  engines  so  far  done  is  such  as  to  be  of  value 
only  to  individuals  seeking  to  perfect  their  own  engine^  or,  believing 
it  perfected,  seeking  an  independent  test  report  to  enhst  capital  for 
manufacture  or  to  serve  as  an  advertising  inducement  to  purchasers. 
As  a  consequence,  the  conclusion  must  be  that  the  largest  single 
factor  in  the  recent  rapid  development  of  the  aero  engine  is  govern- 
mental, involving  the  establishment  of  official  organizations  to  study 
the  problems,  the  operation  of  laboratories  to  determine  by  test  tlie 
resnlts  attained  bv  designers  and  producers,  especially  wnen  laige 
and  regular  purcnasing  orders  are  involved  to  support  civiUan 
development  and  manmacturin^  establishments,  or  in  the  absence 
of  sumdent  orders,  and  perhaps  m  addition  to  them,  the  distribution 
of  sufficient  cash  prizes,  whetner  originating  in  governmental  appro- 
priations or  private  and  institutional  donations. 

Great  as  has  been  their  influence  for  good  in  aero  engine  develop- 
ment, these  contests  have  not  yet  been  under  way  long  enough  to 
bave  accomplished  more  than  a  small  fraction  of  what  may  be  so 
attained,  nor  can  this  contest  means  be  r^arded  as  either  sufficient 
or  without  faults.  There  is  an  ii^erent  danger  that  the  results  of 
snch  tests  be  misinterpreted,  and  in  fact  there  is  even  a  bare  possi- 
bility that  they  may  exert  a  retarding  influence  on  the  art.  Natur- 
ally competitors  design  engines  and  enter  them  to  win  a  prize  and 
&e  conditions  of  the  contest  become  the  controlling  factor  in  the 
preparation  of  an  engine  for  entir.  If  these  conditions  place  undue 
wei^t  on  factors  that  are  not  of  primarjr  importance  to  the  engine 
as  it  works  in  place  in  actual  flight,  it  is  easily  possible  that  not 
only  may  the  best  engine  from  the  actual  service  standpoint  be 
rejected  but.  worse  than  that,  the  bulk  of  these  workers  who  are 
en^paged  in  aevelopment  will  be  led  away  from  lines  that  are  truly 
legitunate  in  order  that  by  following  the  lines  prescribed  by  the  rules 
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they  may  secure  the  necessary  cash  to  continue.  In  view  of  this 
possibility  too  much  care  can  not  be  exercised  in  the  preparation  and 
regular  revision  of  these^  contest  rules  and  conditions  m  order  that 
the  result  may  be  what  is  wanted  and  what  is  needed  by  the  whole 
art.  instead  of  a  perfect  attainment  of  a  merely  hypothetical  standard. 
Attention  is  called  to  these  rules  in  the  appendix  and  especially 
to  the  alterations  in  later  (German  rules  as  compared  with  the  earlier, 
all  directed  toward  greater  latitude  and  greater  reliance  on  the 
judgment  of  competent  engineers  and  proportionately  less,  on  the 
numerical  values  of  those  quantities  that  are  subject  to  measure- 
ment and  which  require  experienced  cultivated  judgment  to  inter- 
pret into  terms  of  engine  goodness  which  often  depends  as  much  on 
mtan^ble  things  such  as  workmanship,  ru^edness,  simplicity,  and 
the  other  factors  of  general  adaptabihty.  In  this  connection  there 
is  a  most  significant,  though  guarded,  statement  at  the  end  of  the 
second  report  of  the  Deutsche  Versuchsanstalt  fur  Luftfahrt  by  Dr.  F. 
Bendeman,  January,  1913,  the  best  document  on  the  subject  in 
existence  herewith  quoted: 

The  further  development  of  the  aeroplane  and  engine  construction  makes  it  seem 
desirable  that  in  a  future  competition  the  engine  be  judged  more  in  its  relation  to 
the  operating  conditions  of  the  machine. 

Even  at  best,  better  than  vet  arranged,  the  contest  exerts  but  an 
indirect  eSect  on  engme  development,  it  results  in  a  public  statement 
of  a  judgment  of  the  machines  relatively  considered  with  reference 
to  the  rmes  and  to  each  other*  The  wiimer  is  stated  to  be  that  en- 
gine that  has  best  fulfilled  the  prescribed  conditions;  it  is  announced 
as  better  than  others  in  this  respect  and  that  is  alL  Any  test  that 
measures  only  over-all  results,  whether  of  fuel  and  oil  consumption, 
weisht,  horsepower,  speed,  unbalanced  forces,  torque  variation,  or 
simuarly  measurable  quantities  is  faulty  as  a  factor  in  direct  devel- 
opment of  engines  to  perfection.  The  only  sort  of  direct  contribu- 
tion that  can  lead  to  true  scientifically  sound  advance  is  that 
generaUy  termed  research  which  involves  the  patient  analysis  of 
not  only  over-all  performance  but  more  particularly  of  the  perform- 
ance of  each  part  intended  for  the  execution  of  every  separate  func- 
tion, the  accumulation  and  interpretation  of  data  for  the  diagnosis 
not  of  the  faults  found  but  the  determination  of  their  causes  and 
discovery  of  remedies,  all  of  which  are  to  be  followed  by  the  applica- 
tion of  the  promising  prospective  cures  with  test  checks  on  their 
success.  This  sort  ofwork  requires  the  highest  clads  of  training  and 
skUl  and  is  to  be  carried  out  as  much  in  the  computing  and  drafting 
room  as  in  the  laboratory,  but  to  do  most  good  to  a  young  art  strug- 
gling blindfolded  to  advance,  every  resuU  must  be  not  only  con« 
vincingly  and  accurately  arrived  at  but  must  be  given  wide  pub- 
licity. This  is  the  kind  of  development  work  that  must  be  done 
and  has  not  yet  been  attempted  anywhere  outside  of  a  few  estab- 
lishments producing  engines  and  in  them  is  only  carried  on  to  a 
small  de^ee  because  of  the  heavy  expense,  and  naturally  this  same 
expense  is  sufficient  reason  for  nonpublicity. 

Kesearch  and  publicity  of  the  data  of  research  are  far  more 
needed  than  pubhc  contests  and  their  reports.  While  the  latter  are 
in  a  way  an  expression  of  the  conclusions  of  the  former,  they  give  no 
clue  to  the  means  foxmd  necessary  to  bring  them  about  no  more 
than  the  sight  of  a  man  cured  of  an  illness  by  a  physician  gives  the 
observer  any  idea  of  the  physician's  diagnosis  and  methods  of  cure. 


Digitized  by 


Google 


ABB0NAUTIG8.  201 

The  advance  of  the  prof  eeaion  or  art  is  more  important  than  an  iso- 
lated case  of  perfection. 

However  sadly  lacking  are  the  data  of  research  on  aero  engines. 
what  literature  there  is  descriptive  of  engines,  of  conditions  oi 
flighty  of  experiences,  successes,  and  failures,  of  contests  and  over-all 
pmonnances  should  be  most  thoroughly  collected  and  recirculated 
m  the  form  of  collected  papers.^ 

Pttt  1  (c),--GEaE4KRAL  CHARACTERISTICS  OF  PRESENT  AERO  ENGINES: 
POWra,  SPEEP-ENGINR  RADUTOR,  WATER,  GASOLINE  AND  OIL 
TANK,  WEIGHTS-^FUEL  AND  OIL  CONSUBiPTION,  AGGREGATE 
POWER-PLANT  WEIGHTS  WTTH  FULL  TANKS  FOR  GIVEN  LENGTH 
G¥  RUN— ENGINE  TTPEa 

Since  the  period  1901-1903,  with  the  two  engines,  Wr^ht  of  12 
hoisepower,  a  converted  four-cylinder,  vertical  automobfle  engine 
weighmg  for  engine  alone  about  7  pounds  per  horsepower  and  the 
then  novel  Mamv  design  of  radial  star  fixed  cylinder  engine  of  50 
horsepower,  weighing  for  engine  alone  2.4  pounds  per  horsepower, 
there  has  been  produced  in  the  interval  more  than  a  hundred  different 
dedms  that  have  survived  the  stage  of  first  trial.  There  are  now 
on  me  market  perhaps  half  this  mmiber  of  different  engines  being 
regalarlv  reproouced,  each  to  some  extent  and  several  quite  exten- 
sively (for  this  art),  and  of  several  of  these  designs  engines  are  availsr 
ble  in  more  than  one  size. 

Yndle  most  of  these  engines  have  capacities  of  50  horsepower, 
more  or  less,  the  number  that  reach  or  exceed  100  horsepower  is 
steadily  increasing,  following  the  demand  of  the  aeroplane  and  made 
Doesibie  by  greater  experience  in  construction  of  the  smaller  sizes. 
It  is  worthy  of  note  that  the  1913  winner  of  the  Grordon-Beimet  cup 
race  carried  200  horsepower  and  the  Russian  Sikorsky  used  in  his 
17-passenger  machine  400  horsepower  in  two  engines.  The  latest 
Curtiss  aeroplanes  carrv  320  horsepower  in  two  engines,  and  the 
English  Sunbeam  catalc^es  a  single  en^e  of  225  horsepower. 
While  some  types  of  en^e  construction  give  trouble  in  large  sizes, 
there  is  no  reason  to  believe  that  the  liimt  of  engine  capacity  has 
been  anywhere  nearly  reached,  for  even  if  a  high  limit  of  cvfinder 
diameter  be  found,  which  is  not  the  case  vet,  multipUcity  of  cylin- 
ders can  carry  up  total  capacity.  Naturally  there  is  no  limit  to  the 
number  of  separate  smaller  capacity  engines  that  may  be  placed  in 
me  air  craft  except  that  as  the  weight  per  total  horsepower  of  two 
or  more  en^es  is  always  greater  than  of  one  engine  of  e^ual  a^e- 
gate  capacity.  On  the  question  of  total  power  there  is  no  mgh 
Smit  m  si^h^  though  the  normal  is  somewhat  about  100  horsepower. 
Gennanym  19 14  required  for  her  latest  army  planes  80  to  120  norse- 
power  and  more  for  hydroaeroplanes,  while  the  United  States  Navy 
specifications  of  1915  call  for  100  to  160  horsepower.  It  may  easilv 
nappen  that  this  trend  toward  larger  engine  capacities  wiU  result 
in  tne  elimination  of  some  styles  of  engines  which  only  operate  well 
m  smaller  .imits.  or  what  is  more  likefy  as  the  number  of  different 
types  of  air  craft  increases  in  the  limitation  of  engine  type  to  flying 
machine  type. 


A  mofe  or  less  oomplete  bibliography  of  aero  engines  is  offered  in  Appendix  8  as  a  nnoleos.  as  foil  as 
—J  limited  time  aYaUable  will  permit,  and  to  show  the  character  of  some  of  these  papers,  a  selected  few 
■re  rqirodoeed.   To  oomplete  this  bfbUography  and  repaUish  thSBs  papers  wHl  be  of  very  g  reat  service 


to  the  art^emdally  If  there  be  added  a  corresponding  collection  of  patents  in  all  countries  either  in  full 
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Speeds  of  engines  are  all  in  excess  of  1,000  revolutions  per  minute, 
most  engines  operating  normally  between  1,200  and  1,500  revolu- 
tions per  minute,  with  a  few  exceeding  2,000  revolutions  per  minute, 
the  highest  being  the  Sunbeam  engine,  rated  at  2,500  revolutiona  per 
minute.  These,  of  coiurse,  are  me  speeds  when  carrying  normal 
full  load  and  therefore  a  reduction  of  load,  such  as  would  follow  a 
change  of  propeller  to  one  of  lesser  torque  or  such  as  results  from  a 
gust  of  air  in  the  direction  of  propeller  air  discharge,  will  accderate 
the  speed.  This  is  because  the  full  throttle,  mean  torque,  of  these 
engines  is  about  constant  up  to  speeds  considerably  in  excess  of  theip 
normal,  probably  approaching  2,000  revolutions  per  minute  for 
most  of  tnem,  thougn  in  all  mean  torque  will  decrease  beyond  some 
critical  speed,  due  to  valve  and  port  resistance  on  the  one  hand  and 
insufficient  speed  of  combustion  on  the  other.  Below  this  critical 
speed,  which  is  partly  a  matter  of  design  of  valves  and  ports,  the 
horsepower  is  directly  proportional  to  speed,  and  so  speed  increase 
is  a  natural  means  of  reaching  the  light  weight  per  horsepower  of 
engine.  It  does  not  necessarify  follow,  however,  that,  because  in  a 
given  en^e  the  high  speed  does  not  reduce  the  mean  driving  torque, 
the  engine  will  not  suffer  from  the  speed.  In  fact,  it  is  just  here  tnat 
so  many  of  the  failures  are  f ound^  the  en^es  literally  shaking  them- 
selves apart  and  pounding  or  grmdin^  tnemsdves  to  pieces.  With 
due  attention  to  the  forces  developed  by  high  speed,  and  to  bearing 
friction  effects  of  rapid  motion  over  loaded  sUaing  surfaces,  and  to 
the  suitable  arrangement  as  well  as  proportions  and  materials  for  it, 
there  is  no  reason  why,  from  the  engine  operation  standpoint,  the 
present  normal  range  of  1,200  to  1,500  revolutions  per  minute  should 
not  be  exceeded  if  the  service  demands  it,  though  the  enmne  designer's 
problems  are  easier,  the  lower  the  speed.  It  must  be  noted  that 
there  seems  to  be  no  essential  relation  between  propeller  speed  and 
engine  speed  if  the  operator  has  no  objection  to  gearing,  which  in 
these  days  of  automobile  alloy  steel  gears  can  be  made  probably  the 
most  rehable  element  of  the  machine.  Testing  of  en^es  at  excess 
speeds  to  limits  of  unbalanced  forces,  bearing  friction  wear,  and 
mean  torque  would  seem  to  be  a  rational  means  of  assuring  that  the 
operating  speed  itself  will  not  cause  trouble  however  much  other 
causes  might  enter.  Such  a  practice  would  be  somewhat  in  accord 
with  the  hydrostatic  test  of  50  per  cent  excess  of  worldng  pressure 
now  standard  with  steam  boilers  and  somewhat  similar  oecause 
each  mLav  in  emergency  reach  that  excess,  in  the  one  case  of  speed 
and  in  tne  other  cw  presstu-e  which  may  cause  failmre. 

Enmie  weights  now  attained,  per  horsepower  developed,  exclusive 
of  tanks,  radiators,  and  supplies  of  gasoline,  oil,  or  water,  by  the  sev- 
eral classes  or  tjrpes  of  macmnes,  at  meir  own  normal  speeds,  have  not 
been  materially  lowered  for  some  time,  attention  havmg  been  rather 
concentrated  on  the  reUability  and  adaptabilitjr  factors  with  existing 
weights,  instead  of  on  further  weight  reduction,  though  this  wifl 
un<foubtedly  come  in  time.  There  is.  however,  a  rather  marked 
division  of  unit  engine  weights  according  to  system  of  cooling  of 
engine,  whether  by  air  or  by  water,  involving  besides  water  weight, 
that  of  radiator.  For  example,  the  most  popular  French  rotating 
star  cylinder  air-cooled  Gnome  engine  weighs  just  about  3  pounds 

Eer  horsepower,  ranging  from  2 J  for  100  horsepower  to  3|  for  50 
orsepower,  while  the  vertical  water-cooled  automobile  style  and 
winner  of  the  last  German  competition  weighs  4.2  pounds  per  horse- 
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power.  (A  number  of  tables  and  some  charts  of  engine  weights  are 
given  in  the  papers  in  the  appendix  which  are  not  repeated  here,  as  it 
would  serve  no  good  purpose.)  Attention  is  however  called  to  the 
fact  that  the  hi^est  weigllt  reported  in  the  German  competition 
(second)  is  about  6  pounds.  Tim  is  about  the  present  hign  limit, 
while  2.2,  the  value  for  the  Gnome  100  horsepower,  is  the  low  limit, 
the  water-cooled  group  occupying  the  upper  portion  of  this  range, 
the  air-cooled,  its  lower  portion.  It  is  most  interesting  to  note  thieit 
the  middle  range  in  the  neighborhood  of  4  pounds  is  occupied  by  both 
types,  providing  that  water-cooled  engines  can  be  built  as  light  as 
some  lands  of  air-cooled  engines,  or  that  air  cooling  does  not  neceaaarily 
result  in  the  lightest  engine. 

Whatever  ii^uence  in  this  unit  weight  of  engine  alone  the  general 
arrangement  may  have  is  shown  by  a  comparison  of  figures  for  some 
typic2  differences  of  arrangement  or  type.  It  ordinarily  is  of  the 
order  of  a  fraction  of  a  pound  and  may  be  entirely  offset  by  some 
other  structural  feature,  not  a  factor  in  general  arrangement,  such  as 
the  use  of  a  steel  cylinder  in  one  arrangement  agamst  a  cast-iron 
cylinder  in  the  other,  or  a  high  mean  effective  pressure  in  one  against 
a  low  value  in  the  other  due  to  different  weights  of  active  mixture 
taken  in  per  stroke.  It  would  seem  that  cylinders  set  radially  about 
a  short  smgle  throw  crank  should  yield  an  engine  weight  per  horse- 
power less  than  the  same  number  of  cylinders  set  in  line  along  a  long 
muUi  crank  shaft.  Also  that  a  V  arrangement  of  two  lines  of  cylin- 
ders should  weigh  less  than  a  single  lifte  because  of  shaft  and  frame 
differences,^  but  it  is  not  dear  whether  a  given  output  in  four  cvlin- 
ders  will  yield  a  ^ater  or  less  weight  than  in  six  or  eight  similarly 
arranged,  nor  is  it  clear  just  what  difference  in  horsepower,  if  any, 
should  be  expected  per  unit  of  displacement  per  minute  in  water- 
cooled  as  compared  with  air-cooled  cylinders.  As  pointed  out, 
according  to  the  general  figures  given,  the  aggregate  of  ail  such  differ- 
ences lie  between  the  liimting  weights  of  about  2^  pounds  and  6 
pounds  per  horsepower  and  merefore  cover  a  range  of  about  3^ 
pounds  per  horsepower  for  such  engines  as  are  now  in  use  and  for 
which  test  data  are  available.  Just  how  much  of  this  difference  is 
chargeable  to  one  or  another  of  the  factors  of  arrangement,  detail 
form,  proportions,  or  material,  it  is  not  possible  at  the  present  time 
to  accurately  fix,  but  as  a  first  attempt  the  following  figures,  Table  I, 
are  given  as  derived  from  available  data: 

Table  T. — Weights  of  engines  in  pounds  per  horsepower  versus  type  construction. 


CyUnden  and  oooLiiig. 

Class  ooDstrnctlon. 

'Rnglnft  nftTfiA, 

AutlKirity. 

WeigbL 

Alone. 

Plant. 

f4  cylinders  in  line. 

SeylindaninllQe. 

12  cylinders  U 

iRa^alstar 

fSoyllndersU 

UcylindersU 

Radial  star 

Special 

Bens 

do 

Lht. 
8.67 
8.75 
8.0 
4.0 
8.03 

Zte. 
4.30 

THftnl^n- 

4.86 

Wat6r«ooIed  fixed  cyUndff 

Bturtevant 

Sunbeam 

»«yclelaylator.... 

DeDIonBoaton.. 
R^itlWlK^ 

Maker 

do 

"FUeht" 

Aircooied: 

do 

5.81 

do 

5.8S 

FbDBdQylliider 

British  Ansani.. . . 

IfAWir 

f    4.0 
8  4 

do 

8.8 
4.73 

41 

BotatinsoyUiuler 

Iradialstar 

2radial8tar 

B.M.andF.W... 
German  Onome... 

MalTfr. , . 

4.72 
(    3.060 
2.480 

I    2.701 
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Table  l,—Weight$  ofenginesin  pounds  per  honepower  venus  type  coTWtruetian^-Contd. 


Class  constrootlon. 

Engine  nftme. 

Anthoilty. 

Weight. 

Cylindeis  and  cooling. 

Alone. 

Plant. 

4  cylinders  in  line. 
6  cylinders  in  line . 

8  cylinders  in  line. 

12  cylinders  U 

Radialstar 

f8  cylinders  U 

Radialstar 

}l  radial  star 

Tv^n*% 

do 

Maker 

Lbt. 

4.20 

4.60 

1    4.0 

8.0 

Lb9. 
4.83 

do 

Cortiss 

5.28 

Rauseaberger 

do 

Salmson. 

SOMftll 

5.47 

Alroocded: 

Renault 

"Flight"-. 

5.66 

Fixed  cylinder 

British  Anxanl.... 
Gyro 

Makw 

•••■.... 

3.r> 

3.7 

Bendemam. . 

Makw....,      ..... 

4.81 

3.4 
4.81 

Rotating  cylinder 

1a  Rhone. 

2.0 

f4c3dlndersinUne. 
6 cylinders  inline. 
8  flinders  in  line. 

Radialstar 

|8  cylinders  U 

JRadialstar 

Iradialstar 

Daimler 

do 

4.74 

4.60 

4.1 

(    4.16 

{    8.42 

I    3.8 

6.37 

Argus 

5.23 

p^^w^m-m 

Ma%w 

Water-oooUd  fixed  cylinder 

"Flight" 

Air  cooled: 

Wolaeley 

"Eng^" 

»4.7 

Fixed  cylinder 

Edelweiss 

ttmiffh%>' ,.., 

/    3.68 
i    2.82 

3.26 

Rotating  cylinder 

Onome. ..  l  ....... . 

Bendermann 

Lumet. 

3.26 

4  cylinders  in  line. 
6  cylinders  in  line. 
8  cylinders  in  line. 

Radialstar 

Iradialstar 

T>aimlnr 

Bendemann  • 

do 

4.80 
6.14 
3.2 

5.52 

WateiKX)6Ied  fixed  cylinder 

ikf n»wr    

5.77 

Clerget 

"Flight" 

Air  cooled: 

Fixed  cylinder 

Rotating  cylinder 

S-CydeLavJator.. 
Gnome 

do 

3.06 

Bend  emann 
Lumet. 

2.08 

2.98 

f4  cylinders  in  line. 
6 cylinders  Inline. 

8 cylinders  inline. 
Iradialstar 

Daimler 

do 

•<  Plight".. 

6.09 

4.65 

/    3.43 

I    3.48 

5.73 

Water-cooled  fixed  cylinder 

SchriJter 

Lavlator 

5.28 

Air-cooled: 

Routing  cylinder 

German  Gnome... 

liakfir... 

(    3.480 
{    3.197 

I    8.590 

Water-cooled  fixed  cylinder 

(4  cylinders  in  line. 
6  cylinders  in  line. 
8  cylinders  in  line. 
Iradialstar 

N.A.G 

HailSooU 

Bendemann 

Maker 

4.33 
4.82 
4.4 

106 

i.15 

German  gnome.... 

"Flight" 

AlKKMled  rotating  cylin- 

Maker 

2.976 

der. 

Water-cooled  fixed  cylinder 

4  cylinders  in  line. 
6  cylinders  in  line . 
8 cylinders  inline. 
Iradialstar 

N.A.O 

^f^Wr  .      , 

4.36 

4.00 
4.5 

"Eng^" 

^    5.3S 

Air-cooled  rotating  cylin- 
der. 

Le  Rhone 

Mftff    . 

3.1 

4  cylinders  in  line. 
6cylindersinline. 
Scylinders  inline. 

Iradialstar 

Argus 

Bens 

Bendemann 

Maker 

Alexander    Prise 

Report. 
Maker. 

3.77 
4.1 

4.40 

Water-cooled  fixed  cylinder 

Air-coded  rotating  cylin- 
der. 

E.N.V 

Gyro 

6.1 
3.25- 

2.88 

/4  cylinders  in  line. 
\6  cylinders  in  line. 
Iradialstar 

Argus 

Bendemann 

Maker 

4.38 
6.1 

5.01 

Water-cooled  fixed  cylinder 

wSSt..:.:::::::. 

Air-coded  rotating  oylin- 
der. 

aeraet 

"iniffiit",-  

3.3-2.7 

1  Without  flywheel. 
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Table  \^~^Weight  ofengine»in  pounds  perhorupower  vertus  type  construeiUm — Gontd. 


CjrJiDdnsaDdoooUiig. 

Claesoonstroctlon. 

Engine  name. 

Aathortty. 

Weight 

Alone. 

Plant. 

Wrttf-coded  fixed  cylinder 

/4 cylinders  in  line. 
\6cyiindenlnline. 

SturtevBDt 

Oreen 

Maker 

Lb9, 

4.0 
4.4 

Xte. 

MaoOoolt 

^aNrsMKiledflzed  oylinder 

4  cylinders  In  line. 

Cheno.. 

*tVl\^" 

f    8.91 
2.87 
8.97 
2.8 

* 

Watar-cooMflzed  oylinder 

4  cylinders  in  line. 

Clerget 

"iHight". . 

/    4.28 
\    3.96 

WsUr-coQled  fixed  cylinder 

4  cylinders  in  line. 

Oreen 

Alexander    Priie 
Beport. 

6.48 

6.8 

These  figures  show  a  consistent  weight  excess  for  cylinders  in  line 
over  radial,  but  no  conclusions  can  be  orawn  on  the  relations  between 
water  vs.  air  cooling  for  either  fixed  or  rotatiuj?  cylinders.  More 
data  and  data  in  greater  detail  than  are  now  avauable  are  necessary 
before  such  conclusions  are  possible.  In  later  tables  the  figures  are 
analyzed  with  reference  to  other  units  and  some  desirable  con- 
cliisions  are  deriyed,  but  always  there  must  be  noted  the  data  which 
one  would  expect  at  this  date  to  be  quite  fuU  and  reliable  are  found 
to  be  both  meager  and  uncertain. 

To  the  weight  of  the  engine  proper  with  all  the  parts  that  are 
permanent  features  built  on  or  mto  it,  such  as  the  magnetos,  oil 
pninps^  air  fans,  and  water-circulating  pumps,  there  must  be  added 
the  weights  of  other  parts  to  get  the  weight  of  the  power  plant  with 
empty  tanks.  These  additional  parts  may  be  called  tne  engine 
accessories.  All  such  supphes,  as  fuel,  lubricating  oil,  and  water 
needed  for  a  giyen  length  of  run,  will  add  more  weight,  the  amount 
of  which  depends  partly  on  rate  of  consumption,  partly  on  the 
general  arraii^ment,  but  principally  on  the  length  of  the  run. 
The  fuel  weight  to  be  earned  per  horsepower  yanes  directly  with 
the  length  of  run  and  inyersely  as  the  thermal  efficiency  of  the  engine. 
The  oil  weight,  while  yarying  somewhat  with  the  length  of  run, 
probably  is  not  directly  inproportion  to  it  and  certainly  nas  nothing 
to  do  with  the  thermal  efficiency  of  the  engine,  but  rather  depencS 
on  such  factors  as  quality  of  the  oil,  mode  of  its  application,  style 
of  engine,  bearing  temperature  and  surface  pressure  and  speed. 
Water  in  any  properly  proportioned  jacket  and  radiator  system 
ahould  not  be  lost,  and  its  weight  may  therefore  be  regarded  as  a 
fixed  quantity  entirely  independent  of  tne  length  of  run  and  additiye 
as  is  a  j>iece  of  accessory  equipment  such  as  the  radiator  itself, 
though  its  weight  yalue  is,  oi  course,  a  function  of  the  aggregate 
mtramal  yolume  of  jackets,  piping,  pump  and  radiator. 

It  needs  only  a  superficial  exammation  of  these  weidits  of  acces- 
sories and  iBupplies  compared  to  engine  weights  to  see  mat  for  short 
nms,  enane  and  accessory  weights  are  more  important  than  supply 
weigntsTDut  that  for  long  runs  the  supply  weignts,  especially  tnose 
of  fuel  and  lubricating  oil,  will  become  the  controlling  factors  in 
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plant  weight,  and  the  longer  the  run,  the  greater  the  difference^  and 
the  more  dependent  does  plant  weight  become  on  thermal  efficiency 
and  on  efficiency  of  lubrication.  For  example,  the  data  of  the 
second  Gterman  competition  showed  that  the  winning  100-horsepower 
Benz  water-cooled  engine,  weighing  4.2  pounds  per  horsepower, 
consumed  0.472  poun^  gasoline  (thermal  efficiency,  29  per  cent), 
and  0.042  poimds  oil,  or  a  total  of  0.511  pounds  of  both  per  horse- 
power hour.  The  70-horsepower  Gnome  air-cooled  engine  men- 
tioned in  Bendemann's  report,  and  weighing  2.9  poimds  per  horse- 
power, consulted  0.805  pounds  gasoline  and  0.253  pounds  oil,  or  a 
total  of  1.058  pounds  of  both  per  horsepower-hour.  This  being  the 
case,  the  aggregate  weight  of  the  engine  and  supplies  for  different 
lengths  of  run  up  to  20  nours  compare  as  foUows,  neglecting  varia- 
tions in  tank  weights  that  should  add  a  little  more  to  the  engine  of 
high  consumption  than  to  the  more  economical  one.  The  radiator 
weight  of  the  Benz  engine  is  included: 

Weights  ofenginef  gasoline j  and  oU, 


For— 

0  hours. 

6  hours. 

10  hours. 

15  hours. 

20houzs. 

Bene 

Gnome 

iwunds.. 

do.... 

4.2 
2.9 

6.77 
8.19 

9.34 
13.48 

11.91 
18.77 

14.48 
34.06 

Such  relations  as  these — (Bendemann  report  shows  the  weights 
equalize  in  IJ  hours'  operation) — ^lead  to  that  most  important  con- 
dusion  derivable  from  all  the  competition  test  data  in  existence,  viz, 
engines  intended  for  short  runs  must  be  themselves  light  and  need  not 
be  especially  economical  if,  by  sacrificLne  economy  lightness  is  pro- 
moted. Conversely,  engines  intended  for  long  runs  must  be  economi- 
cal at  all  costs,  almost  regardless  of  weight.  It  may  also  be  added  and 
this  seems  most  significant  that  reliability  is  of  importance  about  in 
direct  proportion  to  the  length  of  run,  assuming  good  condition  to  be 
assured  before  starting  in  each  instance,  so  that,  again  on  the  grounds 
of  reliability,  short  run  engines  must  be  light  even  if  less  reliable, 
measured  by  period  of  unmterrupted  operation,  while  to  long-run 
engines  considerable  weight  may  be  added  to  gain  reliability. 

Prom  the  design  standpoint,  a  broad  principle  of  practice  can  be 
directly  derived,  to  the  enect  that  aeroplane  engines Tbeing  intended 
for  more  and  more  widely  varying  types  of  service  as  to  frequency 
of  flights,  length  of  nm,  and  load-carrying  capacity,  need  not  be  of 
one  desi^,  style,  or  type,  but  that  different  ones  are  justified  and 
good  engineering  procedure  demands  the  development  and  perfec- 
tion to  equal  degrees,  of  as  many  different  types  and  characteristics 
as  will  best  serve  the  varying  requirements  of  flight.  From  among 
these,  a  selection  may  intelligently  be  made  for  general  service  m 
undefined  nature  but  with  f ullf orenand  knowledge  of  its  capabilities 
and  limitations.  All  this  agrees  with  engineering  practice  in  other 
fields  for  there  are  to-day  not  only  more  different  steam  engines 
than  ever  before,  but  in  any  one  group,  such  as  locomotives,  there  is 
greater  variety  than  there  ever  was;  why,  therefore,  should  anyone 
expect  to  find  a  single  aeroplane  engine  or  plan  the  development  of 
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one  type  to  the  exclusion  of  others  ?  To  do  so,  is  to  assume  that  all 
flights  in  all  fi;yin^  machines  are  the  same  as  far  as  engines  are  con- 
cerned, which  is  just  about  as  true  as  the  assumption  that  a  good 
pleasure  motor-boat  engine  is  the  right  thing  for  a  trans-Atlantic 
ship,  or  that  the  best  power  plant  for  a  tramp  freighter  will  properly 
serve  a  battle  cruiser.  To  oe  sure  there  are  certain  elements  of 
service  peculiar  to  flight,  to  which  all  aero  engines  must  be  adapted, 
but  this  can  not  be  mterpreted  to  mean  that  all  aeroplane  engines 
must  conform  to  one  another  in  arrangement,  performance,  or  even 
in  materials  throughout. 

Returning  to  the  factors  of  plant  weight,  study  of  which  leads 
to  such  important  conclusions  as  the  preceding,  it  is  worth  while  to 
examine  more  closely  the  separate  influences  of  the  several  com- 
ponent factors  of  accessory  and  supply  weights. 

Radiator  weights  must  vary  witt  the  amount  of  sheet  metal, 
cooling  smf  ace  of  given  material  in  kind  and  thickness,'  The  purpose 
of  this  surface  is  heat  dissipation  to  the  air,  so  the  number  ot  square 
feet  and  its  weight  will  vary  directly  as  the  jacket  heat  loss  of  the 
engine,  and  directly  as  the  mean  temperature  difference  between 
water  and  air^  but  mversdy  as  the  coemcient  of  heat  transmission. 
The  most  rehable  data  on  this  amount  of  heat  to  be  dissipated, 
in  fact,  the  only  data  are  given  by  Bendemann,  who  finds  that 
contraiy  to  most  internal-combustion  engines,  including  the  auto- 
mobile class,  which  give  up  between  30  and  40  per  cent  of  their  fuel 
heat  to  jacket  water,  aero  engines  conform  pretty  closely  to  15  per 
cent  of  the  heat  of  combustion  given  to  and  carried  by  the  water  to 
the  radiator.  The  difference.  15  to  25  per  cent,  is  either  not  taken  up 
by  the  water  from  the  comoustion  chamber  at  all.  passing  out  in 
exhaust  gases  instead,  or,  b^ing  taken  in  part  by  the  water,  is  dis- 
sipated cmrectly  fromjacket  and  water  pipes  to  the  air.  In  formulat- 
11^  the  rules  ct  the  German  competition,  the  radiator  weights  were 
assumed  to  conform  to  automobile  practice  and  taken  at  0.13  pound 
per  1,000  British  thermal  imits  per  hour,  but  the  experiments  indi- 
cate that  this  should  have  been  about  0.4  pound  per  1,000  British 
thermal  units  per  hour.  Taking  the  calorific  value  of  gasoline  at  the 
round  number  of  20,400  British  thermal  units  per  pound  and  the  con- 
sumption of  the  more  efficient  water  jacketed  engines  as  one-half 
pound  per  hour  per  horsepower,  the  heat  supplied  per  hour  per  horse- 
power IS  10,200  British  thermal  units,  of  wnich  15  per  cent,  or  1,530 
British  thermal  units  per  hour  must  be  dissipated  bv  the  jackets. 
This  quantity  with  the  constant  of  0.4  pound  per  1 ,000  British  thermal 
imit  hchirs  would  make  the  radiator  weight  0.61  pound,  per  horse- 
power of  engine.  Comparing  this  with  we  radiator  weight  of  the 
61.6  horsepower  Green  (British)  engine,  winner  of  the  Alexander 
prize  competition,  which  had  a  total  weight  of -46.9  pounds,  the 
actual  unit  weight  of  radiator  and  connections  becomes  0.76  pound 
per  horsepower  of  engine,  a  fairly  good  check,  considering  the  wide 
oifferences  of  design  and  circumstances.  Winkler  puts  radiator 
weight  between  0.40  and  0.55  pound  per  horsepower. 

It  is  perfectly  well  known  how  fundamentally  dependent  on  the 
flow  conditions  of  the  air,  on  the  air  side,  and  on  the  presence  of  air  or 
steam  bubbles,  on  the  water  side,  is  the  coefficient  of  heat  transmis- 
sion for  such  apparatus  as  radiators,  and  yet  this  subject  has  scarcely 
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been  touched  as  a  research  problem,  especially  when  it  is  considered 
that  the  mean  temperature  difference,  another  prime  yariable,  is 
itself  subject  to  considerable  control.  This  will  account  for  such 
differences  in  radiator  weights  as  exist  and  is  responsible  for  the 
belief  that  very  material  reductions  may  be  expected  in  radiator 
weights  following  proper  research  or  arrangements  f dr  securing  rates 
of  heat  transmission  and  on  thin  noncorrosive  metal  inclosures. 

Water  weights  are,  of  course,  directly  under  control  of  the  designer 
within  certain  limits,  as  the  jacket  spaces  may  be  long  or  short,  wide 
or  narrow,  pipes  short  and  small  or  long  and  wide,  and  the  water  space 
in  the  radiator  itself,  almost  anything.  In  the  same  61.6  horsepower 
Green  engine,  winner  of  the  Alexander  prize,  the  whole  water  weight 
was  34.1  pounds,  or  0.56  pound  per  engine  horsepower  less  than  the 
radiator  weights.  Winkler  places  this  between  0.2  and  0.3  pound 
per  hotsepower.  Other  values  for  different  engines  are  given  in 
Table  11  to  show  the  order  of  the  ma^tude  of  this  factor. 

Tanks  for  gasoline  and  oil  will  weigh  more  for  large  than  for  small 
suppUes,  but  not  in  proportion  to  their  volumes,  as  shiipe,  thickness, 
ana  kind  of  material  will  determine  the  square  feet  of  metal  and  weight 
of  the  tank  per  cubic  foot  of  capacity  as  much  as  the  volume.  Otner 
things  being  eaual,  that  shape  of  tank  will  weigh  least  that  has  least 
weight  per  cuoic  foot  of  volume,  and  cylinoErical  tanks  are  most 
economical  of  metal  weight,  needing  no  stays,  so  the  ratio  of  len^Ux 
to  diameter  is  an  important  factor,  which,  however,  also  affects  wind 
resistance,  but  tiiese  variations  are  not  of  such  an  order  of  magnitude 
to  warrant  detailed  study  here.  The  above-noted  Green  engine,  61.6 
horsepower,  and  a  gasolme  tank  of  70  gallons  weighing  39.7  pounds, 
and  a  lubricating-ou  tank  of  6  gallons  weighing  9.2  pounds,  so  that 
title  net  weights  are,  gasoline  tank  0.65  poima  and  oil  tank  0.015 
pound  {)er  engine  horsepower,  or  0.57  pound  per  gallon  for  70  gallons 
and  1.54  poimds  per  gallon  for  6  gallons.  Bendemann  j^ves  tihe 
round  ntmiber  of  0.2  pound  tank  weight  per  pound  of  gasolme  or  oil, 
which  does  not  check  the  above  fi^ires.  Tanks  used  in  tests,  he 
writes,  are  frequently  too  light  for  actual  service,  which  indicates  a 
necessity  for  standardizing  tenk-metal  thickness,  shape^  and  to  some 
extent  size,  as  large  capacity  may  be  just  as  well  carried  in  several 
small  tanks  as  in  one  l^rgo  one  and  with  better  weight  distribution 
on  the  frame,  as  well  as  affording  a  measure  of  safety. 

Gktsoline  consumption  for  the  oetter  water-jacketed  engines  aver- 
ages very  closely  0.5  pound  per  hour  per  brake  norsepower  (B.  H.  P.), 
and  for  the  rotating-cjlinder  air-cooled  engines  about  0.8  pound  for 
full  load,thougl\,  as  might  be  expected,  there  are  quite  wide  variations 
with  type  of  engine  and  its  condition  as  to  cleanliness,  adjustment, 
load,  and  speed.  There  is  practically  no  data  available  on  the  rise 
of  consumption  with  poor  adjustment  of  carburetor,  ignition,  leaky 
valves  or  pistons,  gumming  bearings,  carbonissed  combustion  cham- 
ber, or  even  at  speeds  other  than  normal,  or  throttle  positions  other 
than  wide  open.  It  is  not  possible  from  test  data  to  even  approxi- 
mate tiie  gasoline  consumption  of  an  aero  engine  in  actual  flight  serv- 
ice, thoujm,  judginj;  from  data  on  other  classes  of  gasoline  engines^  it 
may  easily  be  double  this  best  value  obtained  by  perfectly  tuned  new 
engmes  in  competitive  tests.  We  have  many  figures  on  total  con- 
sumption of  gasoline  and  oil  durins  competition  flights,  but  horse- 
power of  course  was  not  determined,  and  such  figures  must  be  corn- 
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pared  with  each  other  to  give  a  trae  picture  of  ranse  of  poflaible 
variation.  Even  here,  however,  the  operators  are  sKilled  and  on 
their  mettle,  so  they  may  be  ea^>ected  to  better  ordinary  eyervday 
flight  consomption.  These  engine-test  figiues  may  be  translated 
into  thermal  efficiency  approximately  by  taking  the  arerage  calorific 
vahe  of  Amierican  gasoline  at  20,400  British  th^mal  tinits  j>er  pound, 
makmg  the  ensine  heat  consumption  for  the  two  typical  classes 
10,200  British  fiieimal  units  and  16,320  British  theraial  units  per 
hour  per  brake  horsepower,  eouivalent  to  -AAjVV'~25  per  cent  and 
^M^»  16.6  per  cent  tnermal  efficiency  referred  to  brake  horsepower. 
WiiQ  the  actual  consumption  of  the  Benz  engine  of  0.472  poimd, 
Bendemann  reports  a  thennal  efficiency  of  29  per  cent,  which  requires 
that  the  gasoline  used  have  a  calorific  Talue  of  18,900  British  thermal 
units  per  lb.,  which  is  the  value  used  by  GKUdner  for  European  gaso- 
lines. Other  figures  indicate  about  an  equivalent  difference  between 
the  American  and  European  fuels  which  could  be  accounted  for  by 
the  prevalence  of  paraflSns  and  olefins,  respectively,  in  each,  even  if 
of  equal  density. 

Such  a  thermal  efficiency  as  this  high  value  is  truly  remarkable, 
and  under  the  condition  of  operation  and  size  of  aero  engines  can 
haidly  be  bettered,  judging  from  other  experiences  and  from  funda- 
mental conditions  to  be  examined  later,  but  the  low  value  is  too  low 
to  be  tolerated  without  adequate  compensating  advantages  in  endne 
wei^ts  for  short  flights  and  in  the  reliabuity  and  adaptabuity 
factors.  Actual  test  values  for  specific  eneines  and  tests  are  reported 
m  the  appendix  and  need  not  be  detailed  here,  but  attention  is  again 
caDed  to  the  practical  importance  of  constun^tion  data  on  other  uxan 
these  best  conditions  to  snow  not  only  how  high  it  may  be  in  service, 
but  also  how  sensitive  it  is  to  each  inoividual  adjustment  and  operat- 
ing condition  that  may  exert  an  influence. 

Oil  consumption  is  a  thmg  that  seems  to  follow  no  particular  law, 
howev^  mucn  may  be  known  about  contributory  circumstances, 
such  as  cheTuical  character,  viscosity,  mode  of  application,  surface 
speed,  pressure  and  temperature,  air  evaporation,  combustion  cham- 
ber carbonization  and  cracking,^  and  exhaust  discharges.  Beyond 
the  more  or  less  general  adoption  of  castor  oil  to  avoid  gasoline 
abeorption  in  the  crank  cases  of  rotating-cylinder  aero  engines, 
and  tne  use  of  most  widely  different  syst^ns  of  feed  and  bearing 
conditions,  this  is  a  practically  wide-open  field  of  research.  In  aU 
the  competition  tests  the  oil  consumption  has  been  made  a  subject 
of  measurement,  but  no  analysis  of  causes  of  consumption  has  been 
made,  nor  are  there  any  data  on  the  relative  consumption  of  different 
oils  or  of  different  oiling  systems  for  a  siven  engme.  The  figures 
mnst  be  taken  for  no  more  than  they  really  represent,  viz,  what  was 
used,  but  it  can  be  assumed  that  they  are  no  guide  whatever  to  the 
oil  that  will  be  consumed  in  actual  service,  except  when  consumption 
18  fixed  by  a  pump  plunger  displacement.  Nor  do  these  figures  aid 
in  fixing  the  least  value  attainable  after  proper  thorough  research  on 
the  lubrication  of  a  giveh  engine,  which  is  rather  more  a  matter  of 
reliabihty  and  engine  life  than  of  oil  weight  to  be  carried.  In  the 
German  tests  values  were  found  ranging  &om  0.009  pound  to  0.089 
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pound  per  hour  per  brake  horsepower  for  the  wator-cooled  engines 
and  from  0.145  to  0.253  pound  per  hour  per  brake  horsepower  for  the 
rotating  air-cooled  cylinder  engmes.  The  only  conclusions  deriyable 
from  these  figures  are  that  there  is  a  very  wide  variation — about  25 
to  1 — ^proving  the  need  of  study,  and  that  on  the  whole  the  rotating 
air-cooled  cyfinders  are  much  greater  oil  consumers  than  the  fixea 
water  cooled. 

The  aggregate  weight  of  all  the  units  of  the  power  plant,  engine, 
engiae  accessories,  and  supplies  can  be  represented  a&ebraioal^  or 
graphicallv  with  every  element  involved  m  correct  relative  magni- 
tude. All  of  these  weights  are  constants  for  each  engine,  except  the 
fasoUne  and  oil  weights,  which  are  products  of  consumption  per 
our  and  the  length  of  the  run.  Accordingly,  the  graphic  representa- 
tion will  be  a  series  of  straight  lines  or  of  the  aggregate,  a  sin^e 
straight  line.  Algebraically  the  equation  of  thatune  will  contain 
two  constants,  eadi  of  which  is  the  sum  of  similar  constants,  one  rep- 
resenting intercepts  on  the  axis  of  zero  time  and  the  other  slopes. 
In  order  to  keep  the  various  elements  of  the  a^regate  weight  distinct 
and  to  bring  out  dearly  the  big  factors  of  weight  of  engine  proper  and 
of  gasoline  weights,  it  is  desirable  that  the  excellent  arrangement  of 
a  smgleline  for  eachensine  used  by  Bendemannin  the  second  German 
report  be  supplemented  by  a  general  equation  involving  all  the  con- 
stants and  a  table  of  values  for  each  as  derived  from  the  tests*  Such 
an  equation  will  have  the  following  form: 

'Wetett  of  engine  alone  per  horsepower. 
+Weight  of  gasoline  tank  per  horsepower. 
-fWeight  of  oil  tank  per  horsepower. 
-fWejght  of  radiates  per  horsepower. 
4-Weight  of  water  per  horsepower. 
,+ Weight  of  mufflier. 

,  fPounds  (gasoline  per  hour  per  hoisepowerl  n- 
iPoundfl  oil  per  hour  per  horsepower  j     ' 

Symbolically  this  takes  the  following  form  with  corresponding 
meanings  from  the  former  equation: 


Weight  of  plant  complete  with 
tanks  full  for  H  hours'  run, 
pounds  per  horsepower. 


f 


F= 


'  w;+  Wgt-^-  w^+Wr-^-  w^H-  F«+«?+o)F 


In  the  following  Table  II  are  given  some  typical  values  for  these 
seven  constants,  derived  from  the  tests  and  for  the  total  Wfor  0  and 
10  hours.  The  gasoline  and  oil  weights  are  added  for  15  and  20 
hours,  but  the  plant  weight  can  not  be  so  jriven  because  of  the  uncer- 
tamty  of  the  tank  weights,  which  naturafly  are  not  directly  propor- 
tional to  content  weignts.  It  is  interesting  to  note,  however,  that 
in  10  hours  the  plant  weight  is  doubled — ^that  is,  the  supphes  for  that 
time  equal  the  weight  of  the  plant  empty  for  water  cooled  fixed  cyl- 
inder engines.  The  air  cooled  rotating  cylinder  engines  in  the  same 
time  of  10  hours  more  than  quadruples  the  weight. 
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Table  IL-^Weighti  of  engine  aeeeeeoriee  and  eampleu  plant  v>eighu  per  honepotver  versiu 

type  oonetTuctUm. 


Name  and  autbortty. 

1 

1 

i 

o 

1 

1 

|1l 

1 

■si 

f 

Arcnce  tiOdcs.    B€Od»* 

a9i4 

a084 

0.63 
.626 

i^erJlOWiowjpower 

6^^«r    90-hon6power 
Daimte,  BcQdemaim . . . . 

8.57 

5.234 



0.472 

a042 

2,N 

5.14 

ia384 

3.75 

L02 

.076 

.626 

5.472 

.510 

.088 

2.74 

&48 

10.962 

^MaAtK    7tV4ior8epower 
I^aimla-,  Bendemann. . . . 

4.20 

LOl 

.094 

.626 

6.020 

.506 

.047 

2.76 

5.53 

11.540 

Daimler,  Bcndcinana. . . . 

4.20 

.968 

.060 

.626 

5.984 

.494 

.040 

2.67 

&34 

11.324 

4cTlJnd«r    TO-horaepower 
Daimler,  B^damaim.... 

4.74 

1.006 

.062 

.626 

6.434 

.50S 

.031 

2.67 

5.84 

11.744 

Dalmter^Bcndemiiim.... 

4.eo 

L066 

.062 

.626 

6.344 

.528 

.081 

2.99 

6.99 

12.88 

Daimler,  Bendemaim — 

4.30 

1.002 

.058 

.626 

6.576 

.501 

.029 

2L65 

5.30 

11.876 

4^IiDder  66  horsepower 
Daimler,  Bcndemann.... 

&00 

.996 

.120 

.626 

6.834 

.499 

.060 

2.79 

5.59 

12.424 

4«rlJnder    O6.iiorsepow«r 
N.A.G.,Bendemimn,.. 

4.33 

.970 

.076 

.626 

6.00a 

.486 

.08£ 

Z61 

6.23 

11.232 

launder    fiSharaepoww 
N.A.O.,B«ndemann... 

4.36 

1.088 

.018 

.626 

6.042 

.519 

.009 

2L64 

5.28 

11.322 

AxtDSyBflDdtfiiaim 

3.77 

L060 

.178 

.626 

5.64S 

.534 

.060 

8.11 

6.28 

11.872 

4.38 

L176 

.166 

'.626' 

6.34 

.588 

.063 

3.86 

6.71 

13.068 

4.60 

1.172 

.134 

.626 

6u582 

.586 

.067 

8.76 

6.531 

13.064 

frermdar  lOO-horaepower 
JliiJac,  B«ndeinaim 

&14 

L066 

.042 

.626 

6.864 

.628 

.021 

2.74 

6.49 

12.354 

4.65 

1.342 

.004 

.626 

6.612 

.621 

.047 

3.34 

6.68 

18.292 

(cvllBder '  12S4iarsepowar 
(HaU^oott  makers) 

4.32 
8.7 
4.0 
6.1 

.511    -as 

.60 
.54 
.557 
.53 

.03 
.164 
.022 

Avence  of  6,  British'  (An- 
Bnijnttlw) 

.138 

.101 

S^^er     tt^orBepower 
{wrtehtjinakir)...  ..  . 

Ai]itn>>Daiiiiler  "  Flight" . . 

I 

916 
589 
474 

, 

Oren,  Alexander  teat 

5.48 

.65 

.15 

76 

.56 

7.60 

.59 

.175 

.  .  . . 

7.65 

1.5.26 

Gnome,  1913,  Lnmet 

3.366 
2.88 

.849 
.805 

.255 
.253 

6.630 

11.04 
ia58 

14.41 

^Wnff^  1OT1,  Lnmet 

1 

13.46 

1 

1 20  per  cent  of  fiiel  weleht 
s  20  per  cent  of  oil  weight. 
*  In  65  horeepower. 

Non.— Plant  weights  are  given  without  mnffler. 


*  In  90  horsepower. 

*  In  130  horsepower. 


IVpical  arrangements  of  cylinders,  pistons,  jackets,  frames,  crank 
shafts,  valves,  valve  gear,  and  typical  structural  forms  of  each,  have 
been  produced  in  great  variety  and  in  considerable  numbers.  Of 
these  a  fair  number  have  received  more  or  less  development  work, 
but  the  majority  of  them  must  be  regarded  as  hardly  more  than 
interesting  proposals,  or  experiments  in  need  of  development  work  to 
definitelv  reject  or  retain  them  for  use.  Features  of  detail  will  be 
treated  later  in  the  course  of  the  analysis  of  the  engine  after  a  review 
of  the  types  classified  by  general  arrangement. 

Most  of  the  engines  operate  on  the  four-stroke  cycle,  though  the 
two-cycle  system  is  represented,  both  air  and  water  cooling  is  used, 
and  of  the  air-cooled  class  there  are  representatives  of  self-cooling  by 
rotation  of  cylinders,  by  fan  circulation  and  by  propeller  blast,  or 
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free  air  currents  oyer  fixed  cylinders.  All  engines  are  mnlticjriinder. 
four  or  more,  and  generally  more,  and  while  nearly  all  use  horizontal 
shafts  with  direct  or  spur-^ar  propeller  drive,  the  vertical  shaft  witii 
bevel-gear  drive  of  i>ropelkr  is  represented. 

These  types,  classified  by  cylinder  and  crank  arrangement,  are  as 
follows: 

1.  Automobile  type^  four  or  more  cylinders  in  line,  each  with  its  own  crank,  cylinder 

heads  up.    Air  or  water  cooled. 

2.  V  type,  two  rows  of  c3rlinderB  of  four  or  more  each,  inclined  to  each  other,  one 

crank  for  each  V  pair  of  cylinders.    Air  or  water  cooled. 

3.  Radial  star  rotating  cylinders,  with  crank  shaft  fixed,  or  rotating  in  the  same  or 

opposite  direction.    Air  cooled  only. 

4.  Special  arrangement  or  combinations  of  the  preceding. 

Of  these  classes  the  first  three  are  the  most  typical  of  the  aero 
engine  art  in  point  of  numbers  of  representatives,  amount  of  devel- 
opment work  done  on  them,  and  of  standing  in  the  engbi^building 
industries  of  the  firms  represented,  as  wiU  be  seen  from  tne  following 
list  of  names  of  en^es  and  makers,  Table  III,  arranged  under  each 
class  heading.  This  is  not  to  be  regarded,  however,  as  a  criticism  of 
any  of  the  other  classes. 
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Class  1,—AiUomohile  elasi. 

Water  cooled: 

Water  cooled— Continued. 

American^ 

Gennan  and  Austrian— Continued. 

Hall-Scott. 

Schioeter. 

Sturtevant 

Basse  d  Solve. 

Wright. 

Flugwerke  Deutschland. 

Gennaa  and  Austrian- 

French— 

Mercedes  (Daimler). 

Cleiget. 

Austro  Daimler. 

Chenu. 

Benz. 

British— 

N.  A.  G. 

ArgyU. 

Argus. 
Midag. 

Green. 

Class  2  V. 

Water  cooled: 

Water  cooled— Continued. 

American^ 

British- 

CurtisB. 

Sunbeam-Coatalen. 

Sturtevant. 

Wolseley. 

Bansenberger. 

Air  cooled: 

Maximotor. 

French— 

French^ 

Renault 

Panhard-Levassor. 

De  Dion-Bouton. 

Clerj^et 
Laviator. 

British— Wolseley. 

Class  Z.— Radial  start  rotating  air  cooled. 

American:  Frederickson. 

French— Continued. 

German: 

Cauda. 

Eruk. 

Burlat 

Hlrch. 

Helium  star. 

R.  E.  P. 

Dement. 

B.  Bf.  d  P.  W. 

D'Henain. 

French: 

E.  J.  C. 

Gnome. 

Esselle. 

Cleiget 

S.  H.  K. 

Class  4.- 

-SpeeiaU. 

Badial  staivfixed  cylinders: 
French-— 

Squirrel-cage  cylinden: 
French- EdelweisB. 

Salmson,  water  cooled. 

Badialian: 

Laviator,  two  cycle. 

French— Ansani. 

Opposed  fixed  cylinders: 

Inverted  automobile: 

American— Ashmusen. 

Gennan — ^Daimler. 

Many  engines  appearing  in  older  lists  are  omitted,  because  of  the 
belief  that  they  are  now  superseded  or  abandoned,  and  likewise, 
some  new  endnes  now  in  existence  are  not  mentioned  because  oi 
lack  of  general  acceptance  as  commercial.  It  may  be,  and  is  quite 
likely^  uiat  errors  nave  been  committed  in  these  insertions  and 
omissions,  but  this  is  inevitable  without  personal  visits  to  the  engine 
shops,  wluch,  in  the  present  instance,  were  quite  impossible. 
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AERO  ENGINES  ANALYZED  WITH  BEFERENCE  TO  ELEMENTS 
OF  PROCESS  OR  FUNCTION,  ARRANGEMENT,  FORM,  PRO- 
PORTION AND  MATERIALS,  AND  THEIR  BEARING  ON  THE 
POWER-WEIGHT  RATIO,  RELUBILITY  AND  ADAPTABILITY 
FACTORS. 

By  Chablkb  E.  Luoke. 


Ptet  2  (a)^AERO  ENGINE  PROCESSES  AND  FUNCTIONS  OF  PASTS  VEB- 
SUS  POWER- WEIGHT  RATIO*  RELIABILITY,  AND  ADAPTA- 
BILTTY  FACTOBS. 

In  any  machine  the  process  is  of  superior  importance  to  the  mech- 
anism as  the  latter  is  but  one  of  many  possible  means  for  the  execu- 
tion of  the  former,  and  however  necessary  it  may  be  to  have  the 
mechanism  adapted  in  form,  proportion,  arraneemenf,  and  materials, 
to  its  objective  process,  success  of  the  machine  is  fundamentally 
dependent  on  the  process  itself.  Most  machine  processes  are  really 
combinations  of  a  series  of  separate  individual  process  steps  working 
together,  just  as  the  mechanism  parts  themselves  coact,  and  these 
processes  are  conmionly  said  to  be  similar  when  they  consist  of  the 
same  partial  steps  executed  in  the  same  order  as  a  series,  and  machines 
executing  them  are  regarded  as  belonging  to  the  same  class,  or  as 
similar  machines.  There  are,  however,  very  great  differences  to  be 
found  in  these  similar  machines  which,,  therefore,  may  be  vastly  dis- 
similar from  other  standpoints.  In  the  first  place  the  process  ste^M 
mav  differ  widely  in  degree  though  being  identical  in  kind,  and  this 
difference  in  degree  may  be  in  turn  responsible  for  very  considerable 
differences  in  mechanism.  No  better  illustration  is  available  than 
the  common  piston  steam  engine  in  which  one  basic  step  is  expansion 
of  steam  after  admission  and  before  exhaust,  yet  experience  has 
developed  a  whole  succession  of  valves  and  valve  gears,  some  adapted 
to  mooerate  and  others  to  high  expansion  ratios,  while  expansion  to 
pressures  below  atmosphere  immecuately  calls  for  the  condenser  with 
its  elaborate  series  of  auxiliary  appliances  and  pumps.  Differences  in 
mechanism  may  be  almost  infimte  even  though  the  same  process  is 
executed,  and  to  the  same  degree,  and  the  steam  engine  will  again 
serve  as  an  illustration.  Such  differences  may  be  significant  or  not. 
They  must  be  regarded  as  significant  when  some  good  purpose  is 
served  whether  the  differences  are  those  of  detail  parts  form  such  as 
the  shape  of  a  piston;  at  arrangement  of  the  same  typical  parts, 
such  as  the  locomotive  engine  as  compared  with  that  oi  the  steam- 
ship; of  proportion  of  parts,  as  diameter  of  cylinder  or  thickness  of 
waU;  or  of  material,    ouch  differences  as  are  now  accepted  and  well 
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understood  in  the  steam-aigine  field  can  all  be  analyzed  into  signifi^ 
cant  or  indiflFerent  from  tne  standpoint  of  service  requirements. 
These  service  requirements  require  years  of  experience  to  be  appre- 
ciated to  a  degree  that  permits  of  a  reduction  to  standards  of  practice 
in  arrangement,  form,  proportions,  and  materials  of  the  mechanism 
and  its  parts.  Even  after  the  estabhshment  of  such  experience 
standards  of  practice  for  machines  performing  a  definite  fixed  service 
there  will  always  remain  very  considerable  differences  of  the  indiffer- 
ent or  nonessential  order. 

Aero  engines,  while  belonging  to  the  now  large  and  established 
class  of  internal-combustion  enrines,  and  to  the  smaller  fairly  well- 
developed  subclass  of  the  gasoline  carburetor  internal-combustion 
engine,  in  which  the  farm,  automobile,  and  boat  types  are  most  fully 
developed,  are  themselves  still  struggling  through  the  development 
stage,  due  to  the  youth  of  the  specifiuTservice  to  be  performed,  and  in 
spite  of  all  that  might  be  borrowed  from  the  older  most  similar  arts. 
In  fact  there  is  some  evidence  that  these  older  arts  have  exerted  a 
distinct  retarding  influence  even  where  assistance  might  be  expected, 
because  borrowing  is  the  easiest  mode  of  acquisition.  It  is  not 
unnatural  to  find  automobile  practice  being  adopted  for  a^o  engines, 
when  it  is  not  yet  clear  that  there  is  anything  required  of  the  aero 
engine  sufficiently  different  from  what  the  automobile  or  boat  engine 
can  supply,  to  make  the  latter  unsuitable  for  the  Service  of  the  former. 
At  the  same  time  there  is  equally  strong  evidence  that  in  some  respect 
the  differences  in  service  requirements  have  been  exaggeratea  or 
misinterpreted  with  the  result  that  totally  different  engines  were  pro- 
duced unlike  anything  before  built,  and  yet  just  as  unsuitable  as  the 
borrowed  auto  or  boat  engine. 

In  proportion  as  service  requirements  on  the  one  hand  become 
better  understood,  and  as  engme  capabilities  or  limitations,  on  the 
other  hand,  are  recognized  and  utilized,  so  will  the  aero  en^e  as  a 
type  come  into  full  growth.  Review  of  the  engines  so  far  proposed, 
built,  and  tried  out,  indicates  a  strong  trena  in  some  (urections, 
but  just  as  surely  proves  that  in  most  essentials  the  period  of 
blind  grasping  at  every  possibiUty  whether  rationally  defensible 
or  not,  has  not  yet  come  to  an  end.  The  most  hopeful  sign  of  progress 
is  the  now  general  recognition  that  no  older  type  of  engine  can  be 
borrowed  bodily  for  aero  service,  and  following  this,  the  large  number 
of  suggestions  for  modification  that  have  been  and  are  now  being 
made,  some  rational,  derived  through  reasoning  from  fact  data,  but 
often  without  any  recommendation  other  than  mere  purposeless 
difference. 

Most  of  the  rational  development  so  far  accomplished  has  been 
devoted  to  forms  of  the  type  parts,  to  their  grouping  or  general 
arrangement,  and  to  special  materials  for  their  construction,  rather 
than  to  the  processes  that  are  fundamental  to  the  gasoline  carburetor 
type  of  internal  combustion  engine.  Aero-engine  designers  being  so 
intenselv  absorbed  in  the  problems  of  arrangement  of  parts,  adapta- 
tion of  form  of  parts,  reduction  of  metal  thickness  and  application  of 
materials  of  hi^  elastic  limit  or  low  specific  gravity,  Imve  in  some 
instances,  though  fortunately  not  all,  been  diverted  from  thought  of 
the  process  steps  to  be  executed,  in  kind  and  degree.  This  becomes 
dear  by  comparisons,  first  of  aero  engines  with  each  other  and  second 
of  any  one  engine  with  the  absolute  standards  of  thermodynamics. 
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It  is  dear  that  if  at  the  same  speed  and  using  the  same  fuel  one 
engine  gives  a  materially  higher  mean  effective  pleasure  than  another, 
or  a  lower  specific  fuel  consumption,  then  some  elements  of  the 
thermodynamic  process  have  heen  viohited  hy  the  mechanism  of  the 
inferior  machine.  It  is  also  true  that  if  the  thermal  efficiency  ob- 
tained is  a  smaller  fraction  of  the  thermodynamic  limit  of  possibility 
than  in  an  auto  engine,  for  example,  then  a^ain  something  has  been 
incorporated  in  the  aero-engine  structure  imerior  to  its  counterpart 
of  the  auto  engine  structure.  To  a  lesser  degree  similarly,  if  aero- 
engine stoppages  not  due  to  seizure  of  bearings  or  breakage  of  parts 
are  more  frequent  than  in  auto  engines,  or  even  if  they  stop  at  all 
under  these  conditions,  then  the  process  requirements  are  m  some 
way  being  violated  by  unsuitable  medxanism,  for  if  they  were  not 
the  engine  would  continue  to  run,  and  without  chanj^.  As  a  matter 
of  fact,  the  whole  question  of  reliability  is  one  of  mamtenance  or  con- 
tinuity of  the  process  in  every  stage,  assuming,  of  course^  an  absence 
of  the  pure  mechanism  troubles  of  breakages  or  beanng  failures. 
Likewise,  some  of  the  elements  of  the  adaptability  factor,  as  well  as 
those  of  reliability  or  of  hi^h  power  and  fuel  efficiency,  are  concerned 
with  the  process,  for,  shomd  excessive  tilting  of  the  engine  interfere 
with  the  carbtu^tor  action  and  result  in  poor  mixtures,  or  should 
passage  through  a  doud  or  fog  obstruct  the  intake  with  frost  or  ice, 
or  should  flights  at  excessive  altitudes  change  the  mixture,  then  the 
engine  becomes  inoperative  by  reason  of  process  interference  due  to 
lack  of  adaptability  of  the  mechanism  to  the  maintenance  of  the 
process  when  subjected  to  the  ordinary  interference  of  actual  use 
peculiar  to  air  ffignt. 

Proper  execution  of  the  processes  by  mechanism  that  insures  its 
continuity  in  kind,  and  the  constancy  of  every  step,  in  degree,  regard- 
Ices  of  any  interfering  conditions  incident  to  normal  or  even  extraor- 
dinary aerial  use,  is  a  necessary  prerequisite  to  the  high  mean 
effective  pressure  and  high  thermal  effidency  that  together  make  for 
low  power  plant  weight  per  hoiBepower  for  any  length  of  flight.  It 
is  just  as  essential  to  the  continuity  of  operation  and  output  that 
constitutes  rdiabihty,  entirely  independent  of  whatever  contribution 
may  be  obtained  to  the  same  end,  irom  variation  of  general  arrange- 
ment, and  detail  design  of  parts  as  to  form  or  thickness  or  from  tne 
selection  of  spedal  materials. 

The  processes  are  comparatively  simple  and  easy  to  state,  thou^ 
a  thorough  analysis  of  the  relative  or  aroolute  perfection  of  execution 
that  vanous  designers  have  accomplished  through  their  mechanism 
would  require  far  more  space  than  is  available  here.  Such  an  analy- 
sis must  moreover  be  based  on  far  more  test  data  than  have  even  been 
made  available  anywhere.  Judging  from  the  literature  of  the  sub- 
ject and  from  some  familiarity  with  general  practices  not  so  recorded, 
it  can  be  stated  that  practically  no  work  has  been  done  except  by  a 
few  lai^e  en^e  building  concerns  who  keep  their  results  secret,  and 
comparatively  speaking,  no  data  obtained  bearing  directly  on  the 
execution  of  the  process  steps,  and  the  effect  of  design  on  process, 
for  aero  engines,  though  some  int^retation  can  be  based  on  the  few 
overall  results  of  engme  tests,  while  the  details  of  design  versus 
process  are  beyond  the  scope  of  this  report,  it  is  possible  even  from  a 
statement  of  the  processes  and  their  fulfillment  conditions,  to  derive 
some  general  specifications  for  the  parts  of  the  apparatus  that,  taken 
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together,  make  up  the  power  generating  part  of  the  engine,  as  dis- 
tii^ished  from  tnoee  parts  that  merely  transmit  or  support. 

As  the  workin]^  meoium  is  primarily  an  explosive  ncuxtore  of  air 
and  the  vapor  of  gasoline,  the  first  broad  process  step  is  mixture 
makin^j  preparatory  to  introduction  into  tne  cylinder  unless  it  be 
made  oirectly  therem.  This  must  be  followed  by  the  second  step  of 
suitable  treatment  of  the  mixture  in  the  cylinder,  including  expulsion 
of  burnt  products.  Finally,  as  combustion  develops  heat  in  contact 
with  metal  waUs,  continuity  of  operation  or  the  maintenance  of  a 
steadv  state  in  all  respects  reauires  heat  abstraction  and  dissipation 
to  a  degree  and  at  a  rate  equal  to  that  of  heat  reception,  so  the  third 
broad  process  step  is  cooling. 

Each  of  these  three  broad  divisions  of  the  general  power  gen- 
erating process,  mixture-making,  cylinder  treatment  of  mixture,  and 
combustion  chamber  cooling  is  itself  a  process,  and  is  in  turn  sub- 
divisible into  more  detailed  or  subprocesses,  each  definable  to  some 
extent  as  to  degree  or  range  that  it  is  desirable  to  maintain. 

The  mixture-making  process  starts  at  the  point  of  supply  of 
gasoline  and  air  and  ends  at  the  intake  port  of  each  cylinder.  The 
one  exception  to  this  used  in  a  few  engines  is  the  making  of  mixture 
directly  m  the  cylinder  by  pump  injection  of  gasoline,  a  method  so 
wholly  unsuited  to  the  smail  cylinder  hi^h-speed  engine,  with  such 
volatile  fuel  as  gasoline,  as  to  be  rejected  without  further  discussion 
not  only  on  rational  grounds  but  on  actual  comparative  experience 
with  the  now  standard  system  of  mixture  making.  This  standard 
practice  that  has  taken  many  years  to  estabhsh  recognizes  mixture- 
making  as  a  distinct  function  to  be  carried  out  external  to  the  cylin- 
ders, so  as  to  permit  of  some  control  of  this  independent  function 
without,  the  interference  that  must  result  when  it  is  combined  with 
others  in  a  single  apparatus  part. 

Applying  the  common  but  more  or  lees  inaccurate  name  of  car- 
buretion,  to  this  mixture-making  function  because  the  principal  struc- 
tural element  of  the  process  is  the  carburetor  mechanism,  the  process 
divides  itself  into  (a)  fuel  supply;  (b)  air  supply;  (c)  carburetion 
proper,  which  includes  proportioning,  mixing,  and  vaporizing,  and 
Id)  mixture  distribution  to  cylinders.  Each  of  these  steps  must  be 
carried  out  without  variation  in  spite  of  anything  that  might  happen 
beyond  extraordinary  accidents,  and  the  apparatus,  mechanism,  or 
equipment  must  be  so  constructed  as  to  insure  the  results  desired. 
This  is  by  no  means  easy,  as  will  appear  from  even  a  superficial  analy- 
sis of  conditions  and  possibilities.  Air  must  be  taken  from  the  atmos- 
phere through  which  the  machine  is  moving  at  a  high,  though  not 
constant  speed,  a  speed  so  high  that  the  air  pressure  equivalent  to 
the  velocity,  or  velocity  head  of  the  air,  is  ^uite  appreciable.  With 
the  air  intake  opening  pointing  in  the  direction  of  travel  the  velocity 
head  is  added  to  the  static  pressure  of  the  air  and  air  flow  necessarily 
varies  with  fi%ht  speed,  though  it  should  not.  This  mi^ht  be  avoided 
by  suitably  shapea  entrance  orifice,  the  plane  of  which  is  in  the  direc- 
tion of  flight,  but  this  is  no  safeguard  when  turning  or  in  side  gusts. 
The  first  requirement  of  air  intake  must,  therefore,  be  independence 
of  flow  of  air  with  reference  to  direction  and  speed  oi  motion.  Almos- 
pheric  air  varies  in  absolute  pressure  with  altitude  and  hkewise  varies 
m  temperature,  in  water  vaporized,  and  suspended  water  such  as  fog 
or  rain.    Each  of  these  things  exerts  separately  and  together  an 
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influence  on  carburetion.  Temperature,  pressure,  and  moisture  affect 
air  density  and  hence  the  flow  through  the  air  orifice  under  a  given 
pressure  orop.  Temperature  affects  the  vapor  pressure  of  the  gaso- 
line. (Absolute  pressure  affects  air  flow  itself  independent  of  the 
densit]^  chaoge.)  Vaporized  moisture  affects  the  accumulation  of 
water  in  the  mixture  passages  due  to  reduction  of  temperature  inci- 
dent to  gasoline  vaporization,  and  both  vaporized  and  suspended 
moisture  affect  the  acctunulation  of  ice  in  the  mixture  passages,  unless 
heat  be  added  in  sufficient  degree.  These  things  need  hardly  be  stated 
to  be  accepted  as  fundamentally  important  and  as  necessary  elements 
for  incorporation  directly  or  indirectly  into  specifications  for  the  air 
supply  to  the  carburetor.  The  carburetor  action  should  be  made 
qmte  independent  of  these  variables  and  it  must  be  sufficiently  inde- 
pendent to  prevent  changes  of  mixture  quality  be]^ond  the  allowable 
working  range.  Therefore^  however  great  a  variation  may  be  encoun- 
tered during^  actual  flight,  m  direction  and  velocity  of  flight  or  wind, 
in  barometric  pressure,  in  atmospheric  temperature,  in  atmospheric 
moisture  vaporized  or  suspendea  as  well,  the  mixture  quality  must 
be  kept  within  the  two  limits  to  be  determined  as  necessary  to  con- 
tinued engine  performance. 

Gasoline  must  be  carried  in  a  closed  tank  and  must  be  fed  to  the  car- 
buretor through  a  pipe,  and  the  supply  to  the  carburetor  should  be 
quite  independent  oi  the  direction  and  angle  of  inclination  of  the 
whole  structure.  It  positively  must  be  imanected  by  such  changes  of 
relative  position  of  tank  and  carburetor,  as  may  be  due  to  not  only  ordi- 
nar||[  but  even  extraordinary  or  emergencv  turning,  gliding,  climbing, 
or  temporary  falling  movements  of  the  whole  machine.  If  memachine 
shoula  completely  fall  and  upset,  the  gasoline  should  be  prevented 
from  running  out  on  the  hot  exhaust  pipe  as  this  is  likely  to  cause  a 
fire.  Gravity  feed  from  tank  to  carburetor  is  affected,  as  to  head, 
by  every  variation  in  angle  and  direction  of  inclination  of  the  frame. 
Gravity  feed  tanks  must  have  an  air  vent  and  so  if  overturned  the 
vent  becomes  a  spill  hole  imless  a  special  check  feature  be  added.  In 
stationary  plants  gravity  feed  from  supply  tanks  is  forbidden  by  the 
fire  imderwriters'  regulations  because  of  the  possibihty  of  drainage  of 
the  whole  tank  due  to  a  leak  in  any  part  of  the  pipe  system.  Air  or 
gas  derivable  from  fire-charged  bottles,  from  pumps,  from  combus^ 
tion  chamber  rehef  valves,  or  from  exhaust  back  pressure  acting  on 
the  liquid  surface  in  depressed  gasoline  tanks  will  feed  the  gasmine 
from  any  relative  position  of  tank  and  carburetor.  If  reasonably 
high  pressures  are  used  in  comparison  with  the  normal  static  gasoline 
head,  the  deUvery  pressure  will  be  substantially  constant  at  all  inch- 
nation  angles  and  spUling  will  be  confined  to  the  small  carburetor 
float  chamber  as  the  mam  tank  is  closed.  This  system  is  in  quite 
general  use  in  auto  practice.  Pump  feed  from  a  mam  depressed  tank 
with  air  vent  to  a  small  auxihary  gravity  tank  with  ov^ow  return 
directly  above  the  carburetor,  is  the  standard  stationary  system. 
Recently  automobile  practice  has  adapted  this  to  its  service  require- 
ments, replacing  the  pump  and  overflow  return  by  a  vacuum  lift 
system  operated  from  the  suction  header  beyond  the  throttle,  but 
retaining  the  depressed  main  tank  with  air  vent  and  the  small  auxih- 
ary gravity  tant  without  air  vent,  which  being  so  close  to  the  car- 
buretor can  supply  it  at  all  times  at  substantially  constant  head. 
These  two  systems  of  pump  and  suction  header  lift  may  be  operated 
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with  a  closed  main  tank  if  slightly  modified  and  in  the  event  of  a 
leaky  pipe  no  loss  or  fire  can  occur  oecause  instead  of  gasoline  escap- 
ing air  flows  in,  doing  no  harm  if  the  leak  is  small,  but  stopping  t£e 
supply  without  loss  if  the  leak  is  lai^e. 

The  extraordinary  changes  of  motion  in  direction  and  speed,  both 
horizontally  and  yertically,  pecuUar  to  the  aeroplane  iatroauce  liquid 
inertia  ana  centrifugal  pressures  which  may  accelerate  or  retard 
gasoline  flow  by  raising  or  lowering  the  pressure  at  the  point  of  deliv- 
ery to  the  carburetor.  This  is  a  peculiarity  of  the  aero-engine 
service  conditions  which  requires  special  attention.  To  cover  all 
these  influences  an  additional  specification  may  be  added  for  the 
carburation  system;  the  fuel  tank,  piping,  and  supply  system  must 
dehver  fuel  to  the  carburetor  at  pressures  that  do  not  vary  enough 
to  cause  the  mixture  quality  to  vary  bejond  the  limits  required  mr 
the  proper  steady  operation  of  the  en^e  regardless  of  angularity 
of  the  machine  or  of  changes  of  its  motion  as  to  direction  or  velocity, 
and  they  must  be  such  as  to  prevent  fuel  loss  from  small  leaks  ana 
to  minimize  any  spilling  when  overturned,  preventing  whatever  spills  * 
touching  hot  parts  or  reaching  electric  sparks.  References  to  the 
literature  are  made  for  actual  tank  arrangements  which  require  no 
comment  here  except  the  approval  of  the  practice  of  using  more  than 
one  tank  and  especially  of  installing  a  small  emergency  reserve  tank 
holding  enoueh  to  insure  a  safe  landing  after  main  tanks  are  empty. 

When  supplied  with  atmospheric  air  and  with  fuel  under  pressure 
or  static  heaa,  the  carburetor  mechanism  is  supposed  to  make  a  proper 
explosive  mixture  and  through  intake  header  and  branches  to  diliver 
to  each  of  the  several  inlet  valves  identical  chaises  of  that  mixture 
equal  in  quality  and  quantity.  This  is  supposed  to  happen  r^ard- 
less  of  the  total  Quantity  of  mixture  rejq[uired  by  the  engine  load  or 
speed  and  regardless  of  any  variation  in  air  temperature,  pressure, 
moisture,  direction,  and  velocity  of  flight  or  fuel  deUvery  pressure. 
The  possibihties  ot  success  ia  attaining  this  mixture-making  ideal 
must^  of  course,  depend  on  the  definition  of  proper  mixture,  for  in 
this  IS  to  be  found  the  allowable  range  of  variation  from  aosolute 
constancy  of  quality. 

Mixtures  that  enter  the  c^rlinder  with  toamuch  gasoline  for  the  air 
to  support  in  combustion  will  not  be  explosive  if  the  vaporized  fuel  j 

excess  is  large  enough  and  with  such  mixtures  the  en^e  is  inopera-  i 

tive.  Long  before  such  a  great  fuel  excess  as  this  is  reached  the 
engine  may  be  operative  yet  operate  badly.    It  is  clear  that  any  ' 

excess  vaporized  gasoline  m  the  mixture  can  not  bum,  so  it  wiU  I 

decompose  or  carbonize,  depositing  carbon  all  over  the  combustion  | 

chamber,  including  spark  plu^  andpiston  head,  and  show  in  exhaust  j 

as  smoke.  Such  a  mixture  mH  be  operative  for  a  time,  such  time  as 
it  takes  for  the  carbon  to  accumulate  in  layers  thick  enough  to  ^ow 
on  hot  spots,  such  as  piston  heads,  causing  back  fires  or  preigoition 
and  possibly  short  circuits  and  miss  fires  from  collections  on  spark 
plugs  if  they  are  so  desired  as  not  to  be  self-cleaning.  Carbon 
deposits  will  also  cause  piston  rings  to  stick  and  leak  and  impair 
lubrication  when  it  collects  on  cylinder  walls  and  between  rings. 
To  be  sure^  a  certain  amount  of  just  such  carbonization  can  be  traced 
to  lubricatmg  oil  that  works  past  pistons,  but  this  is  an  independent 
matter  to  be  separately  treated  by  oil  selection  and  supply  system. 
Excess  fuel  in  the  liquid  state  may  be  present  when  tne  vaporized 
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Sart  and  the  air  make  a  proper  mixture,  and  such  excess  will  partl^y 
ecompoae  as  above,  but  part  will  be  dissolved  by  the  lubricating  oil 
and  defeat  lubrication  besides  being  a  dead  loss. 

Excess  vaporized  gasoline  in  the  mixture  should  be  prevented, 
first,  to  prevent  carbonization^  but  also  to  avoid  the  slow  combustion 
that  results  when  the  excess  is  too  great.  A  small  excess  gives  the 
highest  rate  of  combustion  and  high  rates  of  combustion  are  neces- 
sary in  aero  engines  to  permit  of  attaining  the  highest  initial  cylinder 
pressures  with  the  very  high  mean  piston  speeds  in  use,  none  of 
which  are  bdow  1,000  and  some  in  excess  of  2,000  feet  per  minute. 
By  use  of  properly  high  compression  and  more  than  a  single  point  of 
ignition  a  sufficiently  nigh  rate  of  combustion  appears  to  be  obtain- 
wle  without  resorting  to  such  overrich  mixtures  with  their  carbon- 
izing evils  and  direct  waste  of  fuel.  It  may  therefore  be  set  down  as 
a  requirement  that  mixtures  preferably  should  not  contain  any  excess 
fuel  at  any  speed  and  load,  and  positively  must  not  contain  enough 
to  cause  carbon  accumulation,  measurable  fuel  waste,  or  interfere 
with  lubrication. 

It  goes  almost  without  sayine  that  mixtures  of  air  and  fuel  must 
be  homogeneous  and  uniform  Uiroughout;  that  is,  the  constituents 
must  really  be  mixed.  On  reaching  the  cylinder  at  least,  no  liquid 
should  remain  unvaporized,  or,  to  use  a  short  word,  the  mixture 
should  be  dry.  A  correct  overall  ratio  of  gasoline  to  air  by  weight 
as  required  for  combustion  reaction  will  not  serve  the  purpose  if  the 
gasolme  is  in  liquid  form,  or  even  if  it  is  vaporized,  but  all  concen- 
trated in  one  corner  of  the  combustion  chamber  with  pure  air  in  some 
other  comer,  such  as  is  sure  to  happen  with  direct  injection  or  with 
more  unvaporized  liquid  admitted  past  the  inlet  valve  than  can  be 
vaporized  while  entering.  Such  nonhomogeneous  and  wet  mixtures 
wiU  both  carbonize  and  cut  lubrication  even  if  total  weights  are 
correctly  related,  so  the  second  and  third  requirements  of  mixture 
must  be  homogeneity,  and  dryness  at  least  after  admission. 

Other  things  being  equal,  a  cool  mixture  carries  more  heat  per 
cubic  foot  and  hence  more  work  capacity  than  a  hot  mixture  of  the 
same  fuel  and  air.  But  with  liquia  fuel,  mixtures  that  are  too  cold 
are  no  mixtures  at  all,  any  more  thaii  a  brook  running  through  the 
coimtry  can  be  said  to  be  mixed  with  the  atmosphere,  thougn  rain 
by  a  stretch  of  the  imagination  might  be,  wd  a  fog  really  is,  though 
not  so  intimate  a  mixture  as  vaporized  moisture.  Any  gasoline-air, 
kerosene-air,  benzol-air,  or  alconol-air  mixture,  in  coniDining  pro- 
portions may  be  dried  if  the  temperature  be  mgh  enough  and  the 
temperature  required  will  be  least  for  the  fuels  of  greatest  vapor 
pressure  of  their  heaviest  constituent  if  they  are  solutions  of  heavy 
and  light  parts,  as  is  the  case  with  the  petroleum  distillates.  For 
any  one  fuel  the  required  drying  temperature  is  least  the  more 
intimately  the  air  and  fuel  are  mingled  or  stirred,  so  that  any  fuel 
particle  will  be  required  to  exert  only  the  partial  pressure  of  the  vapor 
m  the  final  mixture,  instead  of  the  full  mixture  pressure  of  one  atmos- 
phere that  is  necessary  without  true  mixing.  Mixtures  should, 
therefore,  be  as  cool  as  possible  consistent  with  £*yness  and  the  maxi- 
mum permissible  moisture  is  that  which  will  vaporize  on  entrance. 
The  higher  the  mixture  pressure  the  greater  the  work  capacity  of 
the  chai^e^  so  tibat  everything  that  contributes  to  such  must  be 
promotea  as  much  as  the  preparation  of  cool  and  otherwise  proper 
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mixtures.  TIus  means  in  effect  that  the  pressure  drop  between  the 
air  and  the  cylinder  must  be  a  minimum,  but  this  is  entirely  a  question 
of  proportions  of  passages. 

Finally  with  reference  to  mixture  quality  there  can  not  be  much 
excess  air,  preferably  none.  Of  course,  excess  air  can  not  cause  car- 
bonization or  lubrication  trouble;  in  fact,  it  exerts  a  beneficial  influ- 
ence tending  to  bum  accmnulated  hot  carbon  or  lubricating  oil 
yapor,  and  it  permits  of  a  somewhat  higher  compression  which 
improves  economy.  But  all  the  explosiye  mixtures  of  hydro- 
carbon vapors  and  air  become  nonexpiosive  in  ratios  very  dose  to 
the  conibining  proportions  on  the  excess-air  side,  and  with  even  a 
slight  air  excess  the  rate  of  combustion  becomes  prohibitively  low. 
Summarizing  mixture-qualitv  reqidrements,  a  mixture  is  proper  when 
it  has  the  least  and  preferably  no  excess  of  either  air  or  luel,  when  it 
is  homogeneous,  when  it  is  dry  after  entrance  and  as  cool  as  possibly 
consistent  with  homogeneity  and  diyness,  and  when  it  is  supplied 
at  the  maximmn  absolute  pressure.  To  produce  such  mixtures  is 
the  function  of  the  carburetor. 

Carburetor  mechanisms  capable  of  making  mixtures  of  such 
specified  quality  imder  the  previously  noted  conditions  of  air  and 
fuel  supply  are  practically  nonexistent  at  present,  and  improvement 
can  hardly  be  expected  so  long  as  carbtiretor  production  remains 
a  separate  bi^iness,  and  purchasers  buy  on  name  instead  of  on  per- 
formance, as  is  the  practice,  selling  on  name  only,  at  present  in  the 
motor-car  and  motor-boat  industries.  Not  untU  the  aero-engine 
producer  develops  carburetor  specifications  in  terms  of  mixtures 
produced  and  testing  appliances  to  prove  fulfillment  and  to  locate 
causes  of  nonfulfillment  oi  each  separate  requirement  can  the  needed 
mixture-making  carburetor  be  obtained.  Under  these  conditions  it 
matters  very  httle  whether  the  aero-^ngine  builder  makes  his  own, 
or  buys  on  guaranty  of  performance,  independent  of  engine  operation. 

Very  great  progress  nas  been  made  in  recent  years  in  carburetor 
desim  for  automobile  and  marine  engines,  but  the  end  has  not  been 
reacned,  because  all  data  point  to  a  failure  to  maintain  the  quality  of 
mixture  in  all  the  specified  respects.  In  some  respects  the  problem 
is  less  difficult  with  the  aero  engine  than  with  the  auto,  as  the  former 
is  not  subjected  to  as  wide  a  range  of  flow  rates  nor  to  such  sudden 
and  frequent  changes  in  flow  rates  as  are  the  latter,  due  to  automobile 
driving  m  dense  traffic  or  over  country  roads  with  constant  changes 
of  grade,  curves,  and  rou^l^  spots  requiring  continuous  opening  and 
closing  of  the  throttle.  This  fact  is  responsible  for  the  general  prac- 
tice among  aero  engine  builders  of  buying  stock  automobile  car- 
buretors on  the  theory  that,  the  service  being  less  severe,  they  should 
work  better  on  aero  service;  yet  such  a  conclusion  is  not  warranted. 
While  it  is  true  that  flow  rate  fluctuations  will  not  be  so  great  and  so 
cause  less  variation  in  proportions,  it  is  also  true  that  the  normal  con- 
dition of  flying  with  feed  throttie  wide  open  or  nearly  so  produces  a 
more  intensive  temperature  drop,  reducing  vapor  pressure  and 
decreasing  the  degree  of  gasoline  vaporization  or  mcreasing  mixture 
wetness  and  condensing  or  freezing  more  water.  It  is  also  true  that 
far  stronger  variations  of  fuel  and  air  supply  conditions  must  be 
encountered  in  air  flight  thau  in  road  driving.  What  is  still  more 
significant,  however,  is  the  fact  that  the  aviator  has  no  such  oppor- 
tunity to  make  hand  adjustments  as  has  the  chauffeur,  nor  are  the 
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coDsequenoeB  of  auto-ensine  stoppage  due  to  bad  mixture  hardly 
more  than  aimoyance,  while  sucn  a  stoppage  of  an  aero  engine  may 
mean  a  complete  wreck.  It  can  not  be  too  strongly  stated  that  accept- 
ance for  use  of  standard  carburetors  on  their  names,  or  even  repu«- 
tation,  is  not  a  satisfactory  practice  for  aero  engines.  They  should 
be  degogned  or  purchased  to  specifications  of  maintenance  of  mixture 
quality  under  all  yariations  of  working  conditions  within  possible 
ra^es  to  be  met  with  in  service. 

'Diere  seems  to  be  no  doubt  after  the  years  of  experience  in  car- 
buretor construction  for  automobiles  and  boats  that  the  gasoline 
float  chamber  apparatus,  with  simultaneous  vacuum  flow  of  gasoline 
and  of  atmospheric  air,  is  permanently  established  and  must  be  re- 
tained. Adhering  to  this  principle  of  construction  as  the  basis  of 
proportioning  and  of  the  first  step  in  mixing,  does  not  prevent  the 
addition  of  other  elements  to  correct  the  faults  inherent  in  the  simple 
combination.  Mixture  proportioniog  correctors  in  the  form  of  com- 
pensators to  reduce  the  natural  tendency  for  gasoline  to  flow  in 
excess  at  hi^h  rates  of  vacuum  when  the  ratio  is  correct  for  low,  are 
now  available  in  considerable  variety  and  some  are  fairly  good,  thou^ 
even  in  the  best  there  is  considerable  room  for  improvement.  These 
compensators  constitute  the  principal  diflferences  between  modem 
carburetors. 

It  is  in  ccmtrol  of  mixture  quality  in  other  respects  than  propor- 
tioning that  carburetors  now  available  are  lacking;  for  example,  to 
render  the  mixture  quahty  independent  of  atmospneric  changes,  fuel 
supply,  pressure  fluctuations,  and  above  all  independent  of  their  own 
coofing  action.  This  self-cooling  is  due  to  vaporization  of  gasoline, 
the  latent  heat  for  which  lowers  the  temperature  of  the  mixture 
below  that  of  the  entering  air.  Heat  must  be  supixUed  if  liquids  are 
to  be  vaporized,  and  no  amount  of  human  ingenuitjr  can  overcome 
this  law  of  physics.  If  the  latent  heat  of  vaporization  be  supplied 
from  waste  neat  sources  for  so  much  of  the  gasoline  as  can  vaporize 
in  its  air  supplied  at  atmospheric  temperature,  then  the  resulting 
mixture  will  nave  the  same  temperature  as  the  atmosphere  and  there 
will  be  neither  vapor  condensation  nor  water  freezing  on  the  intakes. 
Such  mixtures  especially  when  the  air  is  cool  are  not  sufficiently  dry 
and  certainly  are  variably  dry,  dryness  varying  with  atmospnenc 
temperature.  To  produce  even  this  much  effect  requires  a  coisider- 
able  amount  of  heat  from  either  hot  jacket  water  or  exhaust  gases. 
To  gei  this  amount  of  heat  into  the  entering  air  or  the  mixture  it  is 
necessary  to  observe  the  laws  of  heat  transmission  and  provide  suffi- 
cient heating  surface  of  suitable  form.  To  simply  surround  the  body 
of  the  carburetor  with  a  water  jacket  or  to  take  the  air  from  a  short 
exhaustHupe  jacket,  which  are  the  only  means  now  in  general  use, 
is  entireQT  madequate,  as  can  be  proved  by  simply  taking  the  mixture  i 
temperature  by  a  thermometer  in  the  intake  pipe  or  by  observing 
the  flow  through  experimental  ^ass  headers  and  branches.  Gtf 
course  such  walTneaters  will  prevent  any  adhering  frost,  but  they  can 
not  prevent  its  formation  as  free  snow  to  be  drawn  into  the  cylinders. 
This  problem  of  mixture  making  by  carburetors  is  one  of  the  most 
importaKit  of  all  the  elements  of  the  aero  engine  structure  and  the 
carburetogr  proper  its  most  important  apparatus,  on  which  ihuch  work 
has  been  d(»ie,  but  more  remains,  especially  of  the  adaptation  order. 
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(In  this  connection  the  paper  by  Dr.  Karl  Buchner  on  carburetion, 
«rhich  is  one  of  the  best,  is  reproduced  in  full  in  the  appendix.) 

Distribution  of  the  mixture  from  the  carburetor  to  the  cylinder 
inlet  valves  without  change  of  quality  in  transit,  and  in  such  a  way 
as  to  insure  a  supply  of  mixture  of  equcd  quality  to  each  cylinder,  is  a 
problem  of  equfu  importance  to  that  of  correct  mixture  making  and 
is  intimately  associated  with  it.  If  the  carburetor  should  yield 
correctly  proportioned  mixed  and  completely  drjr  mixtures,  this  dis- 
tribution neader  problem  disappears,  and  any  form  of  branch  pipe 
will  serve  the  purpose  in  place  oi  the  long  elaborately  curved  headers 
now  in  use.  Such  mixtures  are  too  warm  to  develop  the  maximum 
possible  mean  effective  pressure.  To  get  the  greatest  power  output 
per  cubic  foot  of  piston  displacement  per  minute  requires  a  tempera- 
ture lower  than  corresponds  to  complete  dryness,  probably  corre- 
sponding to  just  such  quantity  of  moisture  as  can  be  evaporated 
during  entrance  througn  the  mlet  valve  and,  therefore,  the  aero 
engine  header  may  be  expected  to  carry  some  moisture. 

Such  mixtures  have  a  tendency  to  separate  the  liquid,  which  resists 
division  equaUy  among  the  branches,  and  where  vertical  flow  must 
take  place  there  is  a  tendencv  for  the  liquid,  which  always  flows 
alon^  the  walls  to  drop  back  oy  gravity,  to  accimiTilate,  and  then 
sudoenly  cany  over  as  a  wave,  causing  a  miss,  especiaJlj  at  low- 
engine  capacity.  To  prevent  lagging  of  liquid,  vertical  pipes  must 
be  made  so  small  as  to  produce  skin  friction  forces  superior  to  gravity 
at  the  lowest  flow  rates.  If  this  is  done  then,  at  high  flow  rates,  a 
considerable  drop  in  pressure  with  conseauent  loss  of  power  will 
result,  imless,  as  is  often  the  case,  the  carburetor  is  located  at  the 
highest  point  and  the  liquid  allowed  to  drain  downhill  with  the 
mixture  current  in  large  pipes.  On  reaching  a  bend  the  liquid  flowing 
aloujg  the  side  walls  always  collects  on  the  inside  as  the  air  stream 
impinges  on  the  outside,  while  at  a  Y  or  branch  the  liquid  may  choose 
almost  any  path  and  is  quite  beyond  control,  for  wherever  the  mix- 
ture velocity  is  locally  least  then  the  liquid  concentrates  and  this 
point  is  constantly  changing.  The  best  that  can  be  done  is  to  use 
long-radius  bends  and  flow  paths  to  each  cylinder  of  approximately 
equal  length  and  curvature,  but  this  gives  no  assurance  of  equal 
distribution  of  liquid.  The  frequent  use  of  two  carburetors  on  six 
cylinders  in  line  and  ei^ht  cylmders  V  engines  is  evidence  of  an 
effort  to  reduce  this  trouble. 

The  onlv  absolutely  reliable  way  to  avoid  these  special  headers  and 
the  iiregular  engine  action  that  results  in  two  cylmders  never  doing 

Suite  the  same  work  or  remaining  equally  dean,  is  to  completely 
ry  the  mixture  by  raising  its  temperature,  accepting  the  nigger 
temperature  and  lowered  mean  effective  pressure  in  the  interests  of 
deanly,  steady,  operation,  securing  shorter  simplified  headers  and 
possibly  making  up  lost  output  oy  a  small  increase  in  cylinder 
diameter  or  by  raising  the  mixture  pressure  by  blowers.  There 
really  seems  to  be  considerable  reason  tor  the  use  of  blower-eappUed 
air  for  carburetors  other  than  to  compensate  for  loss  of  density  when 
mixtures  are  warmed  to  dryness,  which  heating  incidentally  renders 
the  engine  more  independent  of  variations  of  fuel  quality  than  it  now 
is.  By  suitable  regulators  the  air  blast  can  be  controlled  so  as  to 
give  always  the  same  absolute  pressure  at  the  carburetor  intake, 
regardless  of  barometer  or  flight  speed  and  direction.    With  such  an 
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atudliary  blower  and  pressure  r^ulator,  the  friction  effect  of  intake 
ports  and  small-diameter  low-lift  valves,  while  remaining  a  direct 
engine  resistance,  will  have  no  effect  whatever  on  the  weight  of 
charge  per  stroke  and  the  mean  effective  pressures.  Other  things 
being  equal,  an  initial  pressure  in  the  cylinder  of  16,  as  compared  wiui 
14  pounds  per  square  mch  absolute,  an  increase  of  2  poimds  should 
increase  the  mean  effective  pressure  and  power  one-seventh,  over  14 
per  cent,  while  adding  only  2  per  cent  additional  load  (if  the  mean 
effective  pressure  were  100  {>ounds),  a  net  power  gain  of  over  12  per 
cent  if  tne  blower  be  efficient.  The  use  of  such  blowers  ia  not 
unknown  in  two-cycle  engines,  though  four-cycle  engines  have  not 
employed  them  as  yet,  ana  the  N.  E.  C.  (New  En^ne  Co.)  two-cycle 
engine  is  so  equipped.,  the  blower  in  this  case  taking  the  place  of  a 
piston  as  a  precompressor  to  prepare  the  charge  for  entrance  into  the 
motor  cylinder  when  the  port  uncovers. 

All  two-cycle  engine®  and  all  rotating  cylinder  four-cycle  engines 
with  inlet  valves  in  pistons  have  mixture  quality  and  supply  con- 
ditions somewhat  different  from  those  of  the  lour-cycle  fixed-cylinder 
engines,  and  among  the  latter  the  air-cooled  differs  somewhat  from 
the  water-cooled  group.  The  cylinder  heads  of  foiu'-cycle  air-cooled 
engines  are  normally  hotter  than  those  that  are  water  cooled^  so 
that  the  mixture  entering  will  receive  more  heat  and  may,  therefore, 
be  more  wet  as  stipplied,  provided  distribution  from  the  carbureter  is 
not  a  disturbing  element,  as,  for  example,  if  each  cylinder  had  its  own 
separate  carbureter.  If  cylinders  are  not  too  large  and  the  air 
coolinjg  is  vigorous  it  is  possible  to  get  the  walls  of  the  air-cooled 
cylincfer  quite  as  cool  as  the  water-cocued  one  but  only  with  excessive 
power  consumption  for  air  circulation,  the  Renault,  for  example,  tak- 
mg  8  per  cent  of  its  output  for  only  such  cooling  as  is  normally  pro- 
vided. Most  of  the  rotatine-^^ylinder  four-cycle  engines  with  mlet 
valves  in  the  pistons,  inclu£ng  the  Onome,  for  example,  take  their 
mixtures  into  the  crank  case  at  the  shaft  center.  In  tms  crank-case 
chamber,  which  is  rapidly  whirling,  with  pistons  churning  up  and 
down  at  the  same  time,  a  most  vigorous  stirring  and  heating  action 
takes  place.  It  would  oe  hard  to  conceive  of  a  better  mixture  con- 
ditionmg  apparatus  than  this  Gnome  crank  case,  provided  there  were 
some  means  of  control  of  the  temperature  of  the  mixture,  which  in 
this  case  imdoubtedly  gets  too  warm,  though  dryness  and  homo- 
geneity are  practicallv  perfect.  Finally,  two-cycle  engines  take  the 
mixture  from  the  carbureter  into  an  auxiliary  chamber  for  precom- 
pression,  located  in  the  crank  case  as  the  most  favorable  arrange- 
ment, or  in  a  trunk  enlargement  of  the  main  piston  and  cylinder 
preferably,  as,  for  example,  in  the  Laviator  engine.  While,  of  course, 
this  precompression  mixture  has  the  evil  effect  of  imposing  negative 
work,  equivalent  to  engine  friction,  it  is  highly  beneficial  as  to  mix- 
ture quality  when  the  precompression  chamber  is  so  located,  as  is 
usually  the  case,  as  to  get  ana  stay  warm^  because  in  this  case  the 
chamber  is  at  once  a  mixture  stirrer  and  heating  dryer,  heating  partly 
by  wall  contact  and  partly  by  compression. 

Mixture  treatment  in  the  cylinder  after  it  has  been  made  and 
delivered  to  the  intake  port,  begins  with  actual  entrance  and  pro- 
ceeds iJong  different  lines  in  the  two  and  four  cyde  engine,  in  some 
respects.  iNearly  all  aero  engines  are  four-cycle  engines,  and  these 
take  the  mixture  in  tlu'ough  a  suction  valve  under  the  influence  of 
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the  lowered  cylinder  pressure  maintained  by  the  piston  outstroke. 
This  admission  should  be  accomplished  with  the  least  possible  loss  of 
pressure  and  rise  of  temperature.  Loss  of  pressure  miposes  direct 
negative  fluid  friction  work,  the  extent  of  which  is  measured  by  the 
veh>city  of  flow  through  the  valve,  and  the  shape  of  the  opening, 
but  even  with  small  valves  and  badly  shaped  openings  or  poribSy  this 
loss  may  be,  but  not  often  is,  very  serious.  Two  pounds  per  square 
inch  would  be  large  and  with  mean  nressures  approaching  100 
pounds  it  would  be  equivalent  to  a  little  over  2  per  cent.  How- 
ever small  it  may  be,  it  can  be  controlled  by  valve  and  port  di- 
mensions and  these,  because  of  the  high  speed  of  aero  endues, 
must  be  given  far  more  attention  than  in  any  other  class.  It  is  the 
terminal  pressure  at  the  end  of  the  suction  tnat  is  one  of  the  deter- 
mining factors  in  the  weight  of  the  charge,  each  pound  per  square 
inch  accounting  for  about  7  per  cent  loss  of  power.  Since  inertia  of 
the  incoming  stream  tends  to  build  up  the  terminal  pressure  over  the 
mean  suction  pressure,  if  valve  closure  is.  delay^ed  the  right  amount, 
the  value  is  so  great  that  care  must  be  exercised  to  secure  it,  ana 
Winkler  recommends  a  closure  40®  after  dead  center.  This  de- 
layed inlet  valve  closure  can  be  secured  only  by  mechanical  inlet 
vaJves  which  also  give  best  control  over  the  mean  suction  resistance, 
so  that  under  no  consideration  should  automatic  inlet  valves  be 
employed,  as  they  have  been,  to  save  valve  gear  weight,  because 
more  power  is  lost  than  would  compensate  for  this  wei^t.  Charge 
density  at  the  end  of  suction  is  just  as  much  a  matter  oi  temperature 
as  of  pressure,  a  rise  of  about  500°  F.  on  entrance  accounting  of 
itself  for  about  a  50  per  cent  reduction  of  charge  weight  and  hence 
of  power  output,  or  approximately  1  per  cent  for  every  10°  rise, 
witn  the  probability  tnat  the  rise  averages  in  well-cooled  engines 
somewhere  about  200°,  or  20  per  cent,  and  m  the  less  well-cooled  ones 
over  300°j  or  30  per  cent,  in  general  round  numbers. 

Reduction  of  suction  heating  is  partly  a  question  of  arrangement 
and  partly  of  wall  cooling  but  to  some  extent  depends  on  the  tem- 
perature of  the  hot  gases  left  in  the  clearance  after  the  previous 
explosion.  As  to  arrangement,  head  valves  discharging  mixture 
directly  into  the  cylinder  seem  to  be  more  rational  than  side-pocket 
valves,  though  no  data  are  available  to  prove  that  the  former  results 
in  less  suction  heating  than  the  latter.  It  also  seems  likelv  that  air- 
cooled  heads  and  va^e  chambers  unless  vigorously  air  blasted  and 
of  small  chamber  should  heat  the  mixture  more  than  water-cooled 
ones,  but  no  one  has  ever  determined  how  small  a  diameter  can  be 
equally  well  cooled  by  air  and  water  nor  how  much  air  is  needed. 
Nor  can  it  be  said  how  much  of  the  total  suction  heating  is  due  to 
exhaust  gas  mixture  in  the  clearance  with  the  fresh  incoming  charge. 
It  is  investing  to  note  that  the  air-cooled  radial  fixed  cylinder 
Anzani  gave  in  the  tests  99^  pounds  square  inch  effective  pressure 
referred  to  brake  horsepower,  as  much  as  most  of  the  water-t^ooled 
engines. 

Not  only  is  it  important  that  the  chaise  in  the  cylinder  be  as  cool 
as  possible  for  the  maximum  charge  density  required  for  high  mean 
pressures,  consistent,  of  course,  with  complete  vaporization,  for  which 
120°  F.  is  enough  with  gasoline  if  the  mixture  is  well  stirred,  but  it 
is  perhaps  even  more  important  as  the  controlling  factor  in  the  per- 
missible compression.    Tnis  degree  of  compression  of  the  charge  b^ore 
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ignition  is  the  prime  variable  in  fuel  consumption  per  horsepower  hour 
and  thennal  emciency,  as  has  been  demonstrated  conclusively  both  by 
theimodynamic  analysis  and  experimental  data  on  all  classes  of 
internal-combustion  engines.  The  highest  compression  possible  must 
be  obtained  at  all  costs,  and  since  it  is  the  ienition  temperature  of  the 
mixture  that  imposes  a  limit  the  objective  of  the  engine  designer  must 
be  to  so  treat  the  mixtive  as  to  set  the  maximum  compression  volume 
ratio  and  final  pressure  before  tne  mixture  being  compressed  reaches 
the  ignition  temperature  which  is  a  phvsical  constant  of  the  mixture, 
never  accurately  determined  but  probably  very  close  to  935^  F.  This 
compression  for  the  best  water-cooled  engine  has  been  found  to  be 
about  5  to  1  volumes  and  less  for  cylincfer  not  so  well  cooled.  Of 
course,  sdf-ignition  before  compression  is  complete  will  occur  if  any 
metal  part,  such  as  the  exhaust  valve  or  piston  head,  or  a  carbon 
deposit,  is  overheated,  because  this  will  produce  a  local  overheating 
of  the  charge  in  contact  with  the  hot  spot  before  the  whole  mass  has 
reached  the  ignition  temperature.  Prevention  of  this  is  a  matter  of 
engine  cooling  and  of  the  internal  cleanliness  that  comes  with  proper 
hbrication  and  carl^uretion.  Assmning  such  to  be  properly  cared  lor, 
the  compression  permissible  with  gasdine  mixtures  is  fixed  by  the 
initial  temperature  of  the  charge.  The  final  temperature  varies  with 
ihe  initial  m  a  ^metric  ratio,  as  is  indicated  by  the  standard  equar- 
tion  for  adiabauc  compression,  so  a  few  degrees  rise  initially  results 
in  several  times  as  great  a  terminal  rise. 

Charge  weiriit  per  cubic  foot  of  suction  must  be  a  maximum,  and 
so  also  mus€  uie  compression,  if  the  mean  effective  pressure  and  ther- 
mal e£Sciency  are  to  have  the  h^hest  possible  value,  as  they  should  in 
aero  engines.  All  efforts  in  this  direction  mav  be  entirely  defeated, 
however,  if  there  is  any  material  leakage  of  tne  charge  during  com- 
pression through  valve  seats  or  past  the  piston.  It  is  of  no  value  to 
secure  maximum  charge  weights  during  suction  if  appreciable  amounts 
are  afterwards  lost  bdore  the  charge  has  a  chance  to  do  any  work, 
lightness  of  piston  depends  on  the  piston  rings,  on  the  oil  film  between 
{Hston  and  cylinder,  and  on  the  maintenance  of  shape  of  cylinder  and 
mston,  neither  of  which  may  warp  in  any  direction.  Valve  leakage 
likewise  is  minimized  by  providing  nonwarping  valve  disks  and  seats 
with  strong  sprinfi|  loads  to  keep  the  valve  ti^ntly  against  its  seat  during 
the  first  period  <n  compression;  at  other  Umes  the  gas  pressure  itsen 
will  suffice.  These  are  questions  of  form  and  material  and  will  be 
taken  up  later,  but  they  are  mentioned  here  because  a  failure  means 
defeat  oi  the  results  of  an  otherwise  well-executed  suction  process. 

Four-cyde  endues,  after  the  suction  periods,  have  theu*  chaises 
directly  in  the  c]^nder  ready  for  compression  and  subseauent  ignition. 
Two-cyde  engines  must  put  the  charge  through  the  preliminary  com- 
pression process  in  a  precompression  chamber  where  the  mean  pres- 
sure of  precompression  must  oe  added  to  that  of  suction,  the  sum  of 
the  two  subtracted  from  the  mean  effective  pressure  of  the  compres- 
sion and  expansion  strokes  to  get  the  net  available.  Iherefore, 
assnming  equal  performance  of  the  compression  and  expansion  strokes, 
the  two-cycle  en^e  is  charsed  with  more  negative  work  than  the 
four-cycle  by  the  amount  of  the  precompression  stroke,  assuming 
equal  negative  work  of  suction  in  each.  Suction  heating  effects  on 
the  two-cyde  are  bound  to  be  less  than  in  the  four,  because  the  pro- 
compression  cylinder  is  sure  to  be  cooler  than  the  working  cyhnder 
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into  which  the  four-cyde  charge  enters  directly,  and  so  ako  is  clear- 
ance gas  with  which  the  fresh  charge  mixes,  as  in  the  two-cycle  case; 
this  is  reexpanded  fresh  charge  remaining  after  dischai^,  while  in 
the  four-cycle  it  is  hot  burnt  ^ases.  All  this  two-cycle  pump  chamber 
charge  will  not  enter  the  womng  cylinder  nor  remain  there,  for  some 
will  remain  in  the  precompression  chamber  by  reexpansion  or  failure 
of  the  presstire  to  drop  durmg  the  open-port  charging  period  to  atmos- 
phere. Some  will  escape  through  the  exhaust  port  with  the  exhaust 
gases  during  the  end  of  the  transfer  period  when  both  transfer  and 
exhaust  are  open,  regardless  of  piston  baffles  of  or  special  relative  posi- 
tions of  inlet  and  exhaust  ports  designed  for  the  piurpose.  During 
transfer  the  fresh  charge  bodily  displaces  the  hot  burnt  gas  that  fills 
the  motor  cylinder  and  its  clearance,  and  it  is  inconceivable  that  a 
considerable  amount  of  mingling  should  not  occur  with  corresponding 
heating  and  expansion  effects.  These  mixture-heating  effects  are 
added  to  those  of  wall-contact  heating,  which  walls  in  me  two-cycle 
engines  are  always  much  hotter  than  in  the  four.  The  net  effect  is 
inevitably  a  discharge  of  some  of  the  fresh  charge  with  the  burnt  gases 
unless  s{>ecial  arrangements  are  made  to  prevent  this,  and  then  each 
of  these  introduces  its  own  evil. 

Two  methods  of  preventing  this  fresh  charge  heating  on  transfer 
in  two-c]^cle  engines  and  consequent  loss  of  charge  are  m  use,  one  is 
to  intentionally  reduce  the  charge  transferred  to  so  small  a  quantity 
as  will  not  escape,  and  the  other  to  expel  burnt  gases  by  a  blast  of 
fresh  air,  and  then  to  expel  this  scavenging  air  which,  of  course,  ia 
cooler  than  the  burnt  gas,  by  the  fresh  charge.  The  former  means 
intentionally  reduced  charge  while  the  latter  more  than  doubles  the 
negative  work  of  precompression  which  in  effect  is  equivalent. 
Some  part  of  the  compression  stroke  in  any  two-cycle  engine,  so 
much  as  is  reauired  to  cover  the  exhaust  port,  must  result  in  further 
expulsion  of  cnar^e.  Naturally  as  in  four-cycle  engines,  the  charge 
weight  can  be  built  up  in  two-cycle  engines  to  any  value,  by  suffi- 
cient precompression,  but  to  accomplish  this  the  charge  must  con- 
tinue to  enter  after  the  exhaust  port  is  closed,  which  requires  an 
admission  or  transfer  valve  mechanically  operated  and  suitably 
timed,  an  extra  complication.  This  is  not  common  practice  and  no 
data  are  available  on  it,  so  for  the  present  it  must  be  regarded  as 
merely  an  interesting  possibility. 

In  the  two  cycle  ermines  the  net  effect  of  all  heat  exchanges  and 
pressure  changes,  incident  to  charging  the  main  cylinder,  is  un- 
doubtedly a  lower  mean  effective  pressure  and  thermal  efficiency 
than  in  four-cyde  engines,  and  for  equally  good  design  and  con- 
struction in  each  class  the  two  cycle  is  unable  to  carry  compressions 
as  high  as  the  four,  proving  higher  temperatures  before  compres- 
sion. Any  engine  taking  its  charge  into  tne  crank  case,  as  do  most 
of  the  rotating  cylinder  four-cycle  machines,  or  into  a  cnamber  con- 
necting with  the  main  piston,  as  the  two-cycie  Laviator,  is  subject  to 
mixture  quality  impairment  and  equivalent  charge  loss,  whenever 
the  main  piston  leaks  under  its  high  explosion  pressures,  by  the 
displacement  of  the  fresh  by  the  burnt  gases. 

While  dealing  with  charge  weights  and  volumetric  efficiency  of 
cyhnders^  the  exhaust  stroke  ot  the  four-cycle  cylinder  and  the 
reexpansion  stroke  of  the  two-cycle  precompression  chamber  must  be 
considered  as  controlling  by  tneir  terminal  conditions  of  pressure 
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the  point  of  the  return  or  suction  stroke  at  which  charging  will 
actaalhr  begin.  No  flow  can  be  started  from  Uie  intake  header 
until  tne  clyinder  pressure  is  lower.  At  the  end  of  the  four-cycle 
exhaust  stroke  the  cylinder  pressure  is  higher  than  atmosphere,  and 
still  higher  than  the  mixture-header  pressure  by  the  amount  of  tiiie 
soctioD-header  vacuum.  Suction  can  not  bee;m  until  the  cylinder 
clearaDce  volume  of  gases  has  expanded  enough  to  lower  the  cylinder 

fresBure  (terminal  exhaust  value)  to  below  that  of  the  mixture 
eader.  An  appreciable  part  of  the  suction  stroke  is  therefore  useless 
for  actual  chamng,  the  loss  increasing  with  higher  terminal  exhaust 
pressures  and  lower  suction-header  pressures.  A  similar  conditioil 
exists  in  the  two-cycle  precompression  chamber;  for  there  l&e  pres- 
sure at  the  time  the  transfer  to  the  working  cylinder  is  complete 
must  be  something  hisher  than  atmosphere,  and  the  higher  the 
speed  the  more  excess  were  must  be,  because  of  the  limited  time  for 
pressure  equalization.  This  mixture  must  expand  not  only  to 
atmosphere,  but  as  much  below  as  the  suction  header  or  carbureter 
vacuum,  even  with  a  mechanically  operated  valve,  and  still  more 
with  the  more  common  spring  closed  automatic  check  valve,  by  tihe 
amount  of  spring  tension  ana  valve  inertia,  before  real  suction  can 
b^p.  The  clearance  in  such  precompression  chambers  is  large,  to 
limit  the  maximum  precompression  pressure  to  something  less  than 
10  pounds  per  square  inch,  and,  therefore,  the  reexpansion  line  will 
be  very  flat,  cutting  off  a  considerable  part  of  the  stroke  as  useless 
before  the  pressure  has  dropped  sufficiently  for  suction  ip  start. 
Many  times  the  loss  occurs  here,  as  in  four-cycle  cylinders  with  their 
smaller  clearances  and  steeper  reexpansion  lines,  even  with  equal 
pressures  at  the  start. 

No  separate  data  are  obtainable  for  aero  engines  on  any  one  of 
tibese  quantities  concerned  with  charge  weight  and  the  corresponding 
pressure  and  temperature  changes,  nor  is  there  any  indication  that 
such  information  nas  even  been  sought.  Even  the  over-all  effects, 
as  measured  by  volumetric  efficiency,  have  apparently  not  been 
mvestigated,  though  all  that  is  required  is  a  measurement  of  air 
and  gasoline  or  eiSiaust  gas  and  a  comparison  with  the  piston  dis- 
placement, the  ratio  of  volumes  constituting  the  true  volumetric 
efficienqr.  Other  thin^  beins  equal,  the  horsepower  per  cubic  foot 
of  displacement  per  mmute  would  be  directly  proportional  to  this 
volumetric  efficiency,  so  it  is  a  little  surprising  that  tne  aero  interests, 
which  must  have  the  most  powerful  engine  per  pound  of  metal, 
should  have  neglected  to  separately  study  each  of  the  prime  varia- 
bles. As  already  noted,  more  designers  seem  to  have  been  con- 
cerned with  reduction  of  metal  volume  than  with  process  perfection, 
thoT^  without  proper  execution  of  basic  processes  metal  reduction 
may  not  only  f cul  to  eive  a  light  engine,  but  may  even  defeat  the 
ultunate  object  by  mddng  the  engine  as  structurally  weak  as  it  is 
weak  in  mean  effective  pressure  or  thermal  efficiency.  It  must  not 
be  understood  that  no  good  performance  results  based  on  proper 
execution  of  the  processes  have  been  obtained;  in  fact,  there  are 
some  most  remarkable  successes;  but,  on  the  other  hand,  these  stand 
out  so  strongly  as  to  prove  that  the  procedure  that  has  resulted  so 
successfully  is  not  the  rule  in  the  art,  and  may  even  in  the  case  of 
the  successful  en^e  be  as  much  a  matter  of  good  luck  as  patient, 
systematic  investigation. 
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Assuming  a  good  chaijge  weight  in  the  cylinder,  or  a  high  yoln- 
metric  efficiency,  l^e  cyhnder  has  at  least  the  capacity  for  a  high 
mean  effective  pressure  and  thermal  efficiency,  provided  the  sub^ 
quent  treatment  is  proper.  This  treatment  consists  in  compression 
with  ignition  before  it  is  completed;  combustion  as  rapid  as  possible 
consistent  with  absence  of  shocks;  and  expansion  ending  before 
the  end  of  the  stroke,  by.  early  opening  of  the  four-cycle  engine 
exhaust  valve  to  drop  the  pressure  to  as  near  atmosphere  as  possible, 
at  Hie  end,  and  by  imcovering  the  exhaust  port  of  the  two-cycle 
engine  to  get  the  same  drop  low  enough  before  the  end  of  stioke  to 
allow  the  &esh  charge  to  enter.  It  can  be  shown  that  both  the  mean 
effective  pressure  and  the  thermal  efficiency  will  be  highest  for 
a  siven  cylinder  charge  when  the  combustion  starts  as  late  as  pos« 
sibie  on  the  compression  stroke  and  is  completed  as  soon  as  pos- 
sible on  expansion  stroke,  or,  referring  -to  the  shape  of  the  indi- 
cator card,  when  the  explosive  combustion  line  is  practically  vertical, 
leaning,  if  at  all,  toward  the  expansion  line  than  oppositely.  Such 
a  conmtion  of  affairs  results  in  the  Otto  gas  cvcle,  the  efficiency  of 
which  is  a  function  of  compression  only  and  the  mean  effective 
pressure  of  which  is  a  function,  partly  oi  the  compression,  but  also 

Sartly  of  the  height  of  the  vertical  explosion  line,  which  in  turn 
epends  on  the  weight  of  the  charge  or  the  volumetric  efficiency. 
Should  the  combustion  line  be  not  of  this  shape,  results  are  bound 
to  be  inferior,  as  can  be  demonstrated  thermodynamically,  and  yet 
the  maintenance  of  such  explosion  lines  in  service  operation  so 
fundamentally  related  to  results,  is  now  as  much  a  matter  of  hand 
adjustment  as  *of  design.  This  is  a  strong  reason  for  caution  in 
applying  special  test  results  obtained  by  skilled  enginemen,  to  con- 
cisions of^aero  engine  possibilities  in  actual  service,  where  engine 
skill  is  likely  to  be  less  than  in  the  shop  or  laboratory  and  where, 
even  if  it  were  not,  the  problems  of  ffight  control  are  so  absorbing  as 
to  minimize  tiie  attention  that  can  be  given  to  engine  adjustment. 
Recognition  of  this  condition  also  suggests  the  great  desirability  of 
exertmg  sufficient  effort  in  desim,  to  reduce  to  a  minimum  or  elimi- 
nate entirely  the  dependence  of  the  operating  result  on  such  adjust- 
ments as  affect  the  shape  and  position  of  the  combustion  line.  Such 
explosion  lines  as  are  desired  and  needed  for  maximum  power  and 
thermal  efficiency  will  result,  if  the  combustion  period  is  confined  to 
within  a  sufficiently  small  crank  angle  at  the  inner  dead  center  when 
the  piston  is  substantially  at  rest,  and  it  is  common  to  take  this 
angle  as  about  30^  half  before  and  after  dead  center.  At  a  rotative 
speed  of  1,200  revolutions  per  minute  about  the  minimum  for  the 
good  aero  engines,  or  20  revolutions  per  second,  each  revolution  is 
completed  in  0.05  second,  and  an  angle  of  30^  being  one-twelfth  of  a 
revolution  combustion  will  be  completed  in  about  0.004  second. 
The  higher  speed  engines  of  2,400  revolutions  per  minute  must  accom* 
plishtne  result  in  half  the  time  or  0.002  second.  In  this  short  time 
the  mixture  must  be  ignited,  and  the  flame  communicated  from 
particle  to  partide,  till  all  the  mixture  has  been  burned,  even  the 
part  most  distant  from  the  ignitor.  Assuming  a  uniform  linear  rate 
of  flame  propagation  or  flame  speed  and  a  6-mch  diameter  cyUnder 
about  as  large  a  one  as  any  aero  engine  carries,  the  flame  must  travel 
half  a  foot  in  0.004  to  0.002  second,  which  requires  a  linear  velocity 
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of  500  to  1,000  feet  per  second,  or  30,000  to  60,000  feet  per  minute 
if  a  single  igniter  is  used  on  one  side. 

While  no  direct  data  on  the  possibility  of  attaining  such  rates  by 
nonnal  propagation  are  available  it  is  likely  that  from  interpretation 
of  indinct  data,  they  ore  probably  not  reached,  so  the  rates  are 
abnonnal  or  maximum  pressures  not  attained.  At  any  rate  condi- 
tions that  could  in  any  way  improve  this  situation  must  be  grasped 
apd  utilized.  The  fiist  of  these  is  concerned  with  mixture  propor- 
tions which  exert  so  strong  an  influence  on  the  rate  of  propagation 
in  explosive  combustion.  This  is  another  argument  for  per^tion 
I  of  carburetion,  and  for  the  continuous  maintenance  of  the  exact  pro- 

portions found  best,  because  even  a  slight  change  of  propbrtions, 
such  as  would  never  be  noticed  in  an   automobile,  may  exert  a 

S)werful  influence  under  the  steady  hi^h  speeds  of  the  aero  engine, 
ezt  in  order  comes  the  flame  path  its^f  which  if  cut  in  half  recmces 
the  necessary  combustion  rate  to  half  and  this  is  partly  a  question  of 
shape  of  combustion  chamber  and  partly  one  of  number  and  location 
of  igniter  plugs.  It  certainly  should  take  less  time  to  inflame  the 
chaige  in  an  engine  with  valves  in  the  head  than  in  a  tee-head  form, 
for  example,  if  each  had  one  plujS,  so  the  former  shape  is  preferable  on 
this  score.  It  would  seem  as  ifone  plug  located  in  the  center  of  the 
head  would  ignite  the  whole  chaise  in  the  time  required  for  the 
flame  to  travel  a  distance  equal  to  the  radius  and,  tnerefore,  that 
such  a  location  whould  halve  the  time  required  by  one  plug  located 
at  the  aide^  yet  no  such  degree  of  difference  has  been  established. 
Moreover,  it  would  seem  that  two  plugs  simultaneously  sparking, 
and  located  at  opposite  ends  of  one  diameter  would  reaiure  more 
time  to  accomplish  ignition  than  one  in  the  center  as  eacn  separate 
flame  would  have  to  travel  more  than  a  radius  to  bum  all  the  mixture, 
and  yet  two  buch  plugs  seem  to  give  a  quicker  combustion  than  the 
one  m  the  center,  instead  of  slower.  This  question  of  combustion 
rate  versus  spark  plug  location  and  number  is  still  pretty  well  open, 
though  clearly  of  considerable  importance  in  securing  proper  com- 
bustion lines  for  most  effective  working.  ReliabiUty  should  also  be 
served  as  there  is  a  better  chance  of  avoiding  failure  with  two  inde- 
pendent magnetos  and  two  sets  of  spark  phigs  than  one,  and  this 
much  has  been  estabUshed  as  good  practice,  out  accurate  simultsr- 
neous  sparking  of  both  plugs  is  absolutely  necessary. 

There  are  two  considerations  that  bear  on  the  question,  both  of 
ivhich  re<iuire  definite  investigation.  In  the  first  place  it  is  the 
volumetric  rate  of  combustion  that  is  of  pnmary  importance,  not 
the  linear  rate.  It  is  clear  that  a  greater  volume  of  mixture  will  be 
burnt  witii  a  fixed  linear  rate,  if  we  ienition  is  at  the  center  of  a 
complete  sphere  of  flame  as  the  sphere  nas  a  greater  volume  for  its 
radius  tiian  any  other  geometric  Dody.  This  would  seem  to  favor 
central  ignition,  but  as  the  normal  aero  engine  combustion  chamber 
with  head  valves  is  a  short  cyUnder  in  which  the  axis  is  ^ort  com- 
pared with  the  diameter,  ignition  at  the  center  will  bum  in  the  first 
naif  of  the  total  time  a  mixture  volume  proportional  to  the  area  of  a 
circle  of  half  the  bore,  while  during  the  second  half  the  circular  ring 
between  this  circle  and  the  cylinder  wall  will  bum  and  this  ring  has 
three  times  the  area  and  volume  of  the  center  cylinder.  Therefore, 
with  central  ignition,  the  volumetric  rate  is  low  at  first,  and  high 
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at  the  end;  ay^^ing  three  to  one  in  the  second  as  compared  to  the 
first  half,  and  it  is  uxe  second  half  that  is  most  important  because 
here  expansion  is  beginning  and  tending  to  lower  pressures  which  it 
is  the  function  of  combustion  to  raise.  If  the  situation  be  reversed 
so  that  the  higher  rates  occur  in  the  early  part  of  the  period  available, 
then  there  wm  be  less  to  bum  after  expansion  has  started  and  this 
will  be  accomplished  by  two  plugs.  The  second  consideration  is  that 
of  non^uniform  rate  oi  propagation  or  accelerated  combustion,  and 
recognizes  that  mixtiures  whiw  are  agitated,  bum  much  faster  than 
those  that  are  ^uiet.  The  advancing  combustion  wave  started  at 
any  ignition  pomt  agitates  the  mixtmre  beyond,  somewhat  like  a 
compression  wave,  and  two  ignitors  may  be  expected  to  increase 
this  agitation  and  so  accelerate  combustion,  compared  with  single 
point. 

Whatever  the  rate  of  combustion,  it  is  necessary  to  start  com- 
bustion  before  the  end  of  compression,  and  the  slower  the  com- 
bustion  rate,  or  the  higher  the  piston  speed,  the  more  advance  must 
be  allowed.  This  advance,  neeoed  to  limit  the  combustion  completion 
time  must  be  as  small  as  possible  because  pressure  rise  during  com* 
pression  is  just  as  detrimental  as  excessive  friction,  and  is  accepted 
at  aU  only  as  the  lesser  of  two  evils.  It  would  seem  as  if,  with 
suj£ciently  high  volumetric  rates  of  combustion,  and  a  sufficiently 
large  number  of  ignition  points,  spark  advance  would  be  minimized. 
Manual  advance  might  even  be  eliminated  entirely  as  an  operator's 
adjustment,  if  the  magnetos  and  distributors  used  had  proper 
electrical  characteristics  with  speed  increases  to  give  earlier  sparks 
passage  at  higher  speed.  With  widely  varjdng  throttle  openings  and 
engine  speeds,  such  as  are  typical  of  auto  ensmes,  chances  of  success 
are  more  remote  than  with  aero  engines  wnere  speed  and  throttle 
positions  are  changed  so  seldom. 

While  it  is  possible  to  experimentally  determine  the  deg^e  to  which 
each  process  step  important  to  the  power  weight  ratio  has  been 
executed  in  an  aero  engine,  and  to  measure  the  precise  amount  of 
disturbing  effect  of  each  interfering  influence  to  be  encoimtered  in 
practice  and,  therefore,  experimentally  study  processes  with  reference 
to  reUabihty  and  adaptabuity  as  well,  no  sucn  work  appears  to  have 
been  undertaken  or,  if  it  has,  the  results  have  not  been  recorded.  All 
that  has  been  published  with  respect  to  the  judging  of  process  ful- 
fillment has  been  concerned  with  a  few  simple  over-all  measure- 
ments of  horsepower,  speed,  and  fuel  consumption  from  which  some 
conclusions  are  derivable,  but  not  of  such  signincant  value  to  designers 
and  operators  of  engines  as  would  be  tiie  case  with  true  investigation 
work  of  the  analytical  character  that  accounts  separately  for  each 
factor  that  enters  into  the  residt.  As  has  already  oeen  pointed  out, 
these  results  are  subject  to  some  interpretation  oy  comparison,  one 
with  the  other,  and  each  with  thermodynamic  standards.  All  the 
facts  necessary  for  the  latter  are  not  available^  and  must  be  assumed 
in  part,  so  the  conclusions  will  be  correspondmgly  approximate  and 
subject  to  caution  in  use. 

From  the  measured  brake  horsepower  and  speed,  the  speed  can  be 
eliminated  by  division  and  a  quantity  obtained  wnich  measures  the 
effectiveness  with  which  those  processes  that  are  concerned  with 
output  have  been  executed,  and  this  is  the  mean  effective  pressure 
referred  to  brake  horsepower.    This  quantity,  of  course,  incmdes  all 
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negative  work  ofgas  friction  through  carburetor  header  ports,  valves, 
and  exhaust  mufiSer,  all  mechanical  friction,  all  fan,  pump,  and  mag- 
neto work  J  all  negative  work  of  precompression  in  two-cycle  engines 
and  the  windage  of  rotating  cylinder  engines.  For  the  most  satis- 
factory condusiona  these  incluaed  items  of  loss  shoidd  be  separately 
determined  and  certainly  the  motor  cylinder  work  done  behind  its 
pistcm  should  be  isolated  from  the  rest,  out  up  to  the  present  tibie  only 
separate  factor  thus  embraced  is  the  windage  of  the  rotating  cylinder 
engines  in  the  German  tests.  Comparison  of  these  over-alf  competi- 
tion test  results  giving  the  mean  effective  pressure  referred  to  brake 
horsepower  with  each  other  is  possible  from  Table  lY. 
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Values  of  mean  effective  pressure  exceeding  114  pounds  per 
square  inch,  referred  to  brake  norsepower,  reported  for  one  engine, 
and  in  many  instances  in  excess  of  100  pounds  per  square  incn  for 
water-coolea  fixed-cylinder  engines,  warrant  tne  conclusion  that 
little  betterment  is  possible  in  view  of  the  prevailing  lower  figures 
in  engines  of  other  classes.  These  attained  values  are  truly  remarka- 
ble and  can  hardly  be  exceeded  unless  the  initial  pressures  are  raised 
above  atmosphere  by  blowers.  That  some  engines  do  not  attain  these 
values  is  proof  of  their  inferiority  of  design,  but  there  is  some  question 
as  to  capacity  for  maintenance  of  the  high  value  after  long  periods  that 
can  be  settled  only  after  very  long  trial  runs.  The  contest  figures  axe 
rehable  and  acceptable  for  the  conditions  imposed,  and  if  sucn  values 
can  be  maintained  in  flight,  little  more  can  be  expected.  Such  a 
high  value  as  127  pounds  reported  by  one  maker  can  hardly  be 
credited,  nor  can  so  low  a  value  of  74  pounds  be  regarded  as  good 
enough  to  be  acceptable.  Air-cooled  cylinder  values  are  consist- 
ently lower  even  for  fixed  cylinders  and  much  more  so  for  rotating 
cylinders,  which  indicates  a  fundamental  inferiority. 

There  is  some  question  of  the  validity  of  a  comparison  of  mean 
effective  pressures  for  different  engines  at  unequal  speeds,  especially 
as  rotatii^  cylinder  engines  are  never  run  over  1.500  revolutions  per 
minute  while  fixed  cvhnder  engines  are  operated  over  2,000  revolu- 
tions per  minute.  To  eUminate  such  an  objection  and  at  the  same 
time  permit  of  a  judgment  of  the  best  speed  at  which  to  run  an  engine 
of  given  design,  the  horsepower-speea  curve  should  be  determined, 
or  its  equivalent  curve  of  mean  torque  speed,  or  of  mean  effective 
pressure  referred  to  speed.  It  is  evident  that,  if  with  an  increase  of 
speed  the  mean  effective  pressure  remains  constant,  then  the  horse- 
power will  be  proportional  to  speed,  and  the  best  speed  to  use  for  aero 
engines  will  be  the  highest  at  which  the  inertia  or  centrifugal  forces 
are  not  excessive,  assuming  proper  bearing  conditions  to  be  provided. 
This  best  maximum  speed  for  fixed  cylinder  engines  is  unaoubtedlj 
the  speed  at  which  the  inertia  force  of  the  reciprocating  parts  at  the 
beginning  of  the  outstroke  is  equal  to  the  normal  maximum  gas- 
pressure  lorce  acting  on  the  piston.  For  these  conditions  the  force 
transmitted  to  the  crank  pin  at  the  moment  of  explosion  will  be  zero, 
gradually  rising  through  the  stroke  and  will  be  maintained  hign 
until  near  the  end  of  the  outstroke  during  the  last  half  of  which  tne 
increasing  inertia  forces  are  additive  to  the  lessening  gas  pressure 
forces.  During  the  idle  stroke  of  suction  the  inertia  force  acting 
alone  imposes  just  the  same  crank-pin  forces  as  would  the  explosion 
when  starting.  Any  less  inertia  while  reducing  the  transmitted 
crank-pin  forces  for  idle  strokes  increases  them  at  the  bemming  of  the 
working  stroke.  As  the  normal  or  most  used  speed  is  less  than  the 
maximum  and  the  maximum  gas  pressures  likewise,  this  normal  con- 
dition and  not  that  of  maximum  should  be  made  the  basis  of  selection 
of  operating  speed  for  minimum  weight  of  engine,  coupled  with  gen- 
eral serviceability.  The  speed  at  which  normal  maximum  gas  pres- 
sures will  be  balanced  against  reciprocating  inertia,  which  is  a  ruuo- 
tion  of  the  square  of  the  speed  and  of  the  weight  of  parts  directly, 
will,  of  course,  depend  on  these  weights.  Heavy  reciprocating  parts 
may  be  best  operated  at  lower  speed  than  Ught  reciprocating  parts 
which  include  piston,  wrist  pin,  and  part  of  tne  connecting  rod. 
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For  a  water-cooled  engine  of  the  automobile  type  T^bokler  gives 
350  pounds  per  square  mch  as  the  maximum  explosion  pressure. 
Accordingly  from  the  equation,  reciprocating  inertia  pounds  per 

square  inch  of  piston  «  0.00034  —  iW,  and  taking  —  «  0.5,  cal- 
culated from  the  weight  distribution  figures  given  by  Winkler,  the 
speed  at  which  this  would  become  equal  to  350  pounds  per  square 

inch  is  2,640  revolutions  per  minute.  (Note. —  _  «  pounds  recip- 
rocating; weight  per  s(][uare  inch  piston,  N  =  revolution  per  minute, 
r  =  radius  of  crank  in  feet.)  The  rotating  cylinder  engine  intro- 
duces a  different  condition,  for  here  the  reciprocating  parts  always 
exert  a  centrifugal  force  varying  from  a  maximum  at  out  center  to 
a  minimum  at  inner  center  ana  such  as  wiQ.  keep  the  connecting 
rods  always  in  tension  if  speed  and  reciprocating  weights  are  large 
enough  to  develop  centrifugal  forces  higher  than  the  gas  pressure, 
the  maximum  for  which  is  found  at  250  pounds  per  square  inch 
normal. 

From  this  standpoint  the  operating  speed  or  high  limit  is  fixed 
by  the  weight  of  reciprocating  parts,  ana  the  normal  maximum  gas 

pressures,  and  this  is  tl: x/n?.  ^    .  i  n*    , 

pressures  do  not  fall 
any  horsepower-speed 
form  up  to  some  critical  value  which  is  easily  determined  "By  test, 
though  no  authentic  curves  are  available  for  aero  engines.  Of 
course,  this  critical  speed  must  be  beyond  the  operating  range  and 
is  a  second  high  limit  to  be  considerea  in  conjunction  with  that  im- 
posed by  inertia.  The  best  procedure  is  undoubtedly  the  selection 
of  such  proportion  of  gas  passages,  carburetor,  and  ignition  condi- 
tions on  the  one  hand,  and  reciprocating  parts  weights  on  the  other, 
as  will  bring  the  critical  speed  equal  to  me  inertia  speed  limit.  Cur- 
vature of  Qie  horsepower-speed  curve  is  due  partly  to  increased 
losses  of  charge  at  the  higher  speeds,  and  partly  to  insufficient  rate 
of  combustion.  Which  of  these  two  is  in  any  instance  the  control- 
ling {actor  must  be  discovered  before  any  plan  of  improvement  can 
be  undertaken  and  this  is  most  directly  done  by  plotting  the  volu- 
metric efficiency-speed  curve  beside  the  horsepower-speed  curve. 
If  the  latter  departs  from  the  straight  line  before  the  former,  it  is 
clearly  not  due  to  insufficient  charge.  In  such  a  case  enlargement 
of  valves  or  ports,  or  reduction  of  carburetor  vacuum  will  not  im- 
prove matters  at  all,  as  it  is  a  low  rate  of  combustion  that  is  respon- 
sible for  the  result,  to  cure  which  attention  must  be  devoted  to 
mixture  quality  ana  ignition. 

Fuel  consumption  per  horsepower  hour,  or  the  equivalent  thermal 
efficiency,  is  aiso  an  indication  of  the  overall  effectiveness  of  the 
process  execution,  and  comparison  of  engines  on  this  basis  can  be 
made  from  the  data  of  Table  V,  selected  from  the  test  reports. 
These  would  tell  more  if  divisible  into  the  factors  as  indicated  in 
considering  the  mean  effective  pressure. 
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Tablb  V. — Fuel  ammimptwn  {pounds  per  brake  horeepower-hour)  and  thermal  effieUnqf 
vemu  engine  daesu — Oontinned. 


Class  No. 


n. 


in. 


IV. 


CyllDdnvoniik  amngeiiifiit. 


FJzedlnUne^l 
oyUnder  per  cnnk. 


PlxedV,2o7lJii- 
der  per  crank. 


Rotating. 


Fixed  star. 


OooUng. 


Watff. 


Water. 


Air. 


Air. 


Water. 


Bngine  or  maker. 


Argus. 

» 

Fuel. 

EiB- 
denoy. 

Fnel. 

Effl- 
cleooy. 

FueL 

Effl- 
cieiicy. 

FneL 

Effl. 
oiency. 

Fuel. 

Effi- 
ciency. 

0.634 

0.96 

B. 

Argns' 

0.588 

0.23 

B. 

Argos. 

0.686 

0.23 

B. 

Molag. 

0.638 

0.26 

B. 

SobrOter. 

a62i 

0.22 

B. 

Digitized  by 


Google 


AEB0NAXJTIC8. 


249 


PiBU  Y,—Fuel  amtumplion  (pounds  per  brake  horeepWDer-hour)  and  thermal  efficiency 
vereue  engine  elauei — Gontmiied. 


ClasB  No. 


m. 


IV. 


Cylinder'^nnk  anangement. 


nxedtnline,  1 
CjUndorperGnnk. 


FlzedV,2oyUn. 
der  per  crank. 


Rotating. 


Fixed  star. 


Cooling. 


Water. 


Water. 


Air. 


Air. 


Water. 


Engine  or  maker. 


HaltSeott 

FofiL 

dency. 

FneL 

Effl- 
dency. 

FneL 

Effi- 
ciency. 

FneL 

Effl- 
dency. 

FneL 

Effl. 
dency. 

ae 

0.21 

. 

Mate. 

Aostzo-Dalniler. 

0.S3 

0.26 

OovmmMnt 
AoceptaoceTest. 

miLabor-Avia- 

ttOQ. 

0.ei7 

0.22 

Lnmet. 

WllATlatIc 

O.SK 

0.23 

Lomet. 

Non.~PQr  Oontinental  aagloes  a  ealorlilo  yalne  of  18,900  British  fhermal  unite  per  pound  has  t>e«i 
iBuinad,  for  American  and  Bzltiali  enginee  20,400  BrlUah  thermal  unite  per  pound. 

Fuel  oonstimption  of  less  than  half  a  pound  per  brake  horsepower- 
hour,  reported  for  fixed  water-cooled  cylinders  on  reliable  authority, 
with  corresponding  thermal  efficiencies  approaching^  30  per  cent,  are 
nothing  short  of  wonderful  for  such  high-speed  engines,  and  juc^ing 
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by  the  performauce  of  other  daases  of  engines  and  by  the  thermo- 
dynamicB  of  limiting  poeeibilitieB,  little  more  can  be  expected.  What 
must  be  sought  for  here  is,  therefore,  not  an  improvement  of  the 
best;  but  a  general  raising  of  the  poorer  ones  to  level  of  tiie  best, 
and  the  mamtenance  of  uie  high  test  value  in  actual-service  flight. 
In  this  prime  factor,  as  in  that  of  mean  effective  pressure,  the  fixed 
water-cooled  cylinder  has  a  demonstrated  superiority,  while  the  least 
favorable  is  the  rotating  air-cooled.  The  difference  between  the 
best  and  worst  is  very  large  indeed. 

Comparison  of  en^e  results  with  each  other,  especially  when  it 
is  not  possible  to  divide  overall  results  into  contributing  factors,  can 
give  no  information  as  to  how  far  it  may  be  possible  to  further  im- 
prove engines.  It  merely  indicates  which  is  the  better,  and  may 
throw  some  light  on  type  availability,  as,  for  example,  the  fuel  con- 
sumption of  two-cycle  engines  must  always  be  greater  than  four- 
cycle, if  each  is  equally  well  designed;  or  again,  air-cooled  engines 
may  or  may  not  have  as  high  a  mean  effective  pressure  as  water- 
cooled. 

Thermodynamic  standards  of  comparison  do  indicate  goodness 
more  absolutely,  and  these  are  now  in  general  use  in  engineering  prac- 
tice. Accounting  for  and  eUminating  operative  conditions,  such 
absolute  standards  illuminate  the  goodness  of  the  machine  with  refer- 
ence to  the  execution  of  its  basic  process.  Such,  for  example,  is  the 
case  with  steam  turbines,  the  performance  of  which  is  compared  with 
that  of  the  Rankine  cycle  as  a  standard,  for  equal  initial  and  terminal 
conditions  of  j>ressure,  temperature,  and  steam  quaUty.  It  is  also 
the  case  with  internal-combustion  engines  of  the  classes  ^at  have 
really  been  subjected  to  any  reasonable  degree  of  investigation 
whicn  are  judged  by  the  Otto  and  Diesel  gas  cycles.  But  the  aero 
engine  has  not  as  yet  been  so  studied.  According  to  this  method 
equations  are  derived  from  a  study  of  the  ideal  Otto  gas  cycle  for 
thermal  efficiency  and  mean  effective  pressure.  Thermal  efficiency, 
for  example,  referred  to  indicated  horsepower  is  found  to  be  a  function 
of  the  amount  of  compression  only,  and  eiven  by  the  following  equa- 
tion, in  which  the  subscript  (&)  refers  to  the  condition  after,  and  (a)  to 
that  before,  compression: 

Comparing  this  with  the  thermal  efficiency  of  an  engine  of  known 
compression  results  in  an  efficiency  ratio,  and  in  Table  VI  are  eiven 
some  values  for  aero  engines,  computed  with  what  data  are  avauable 
and  certain  assumptions  noted.  As  the  fuel  consumption  per  brake 
horsepower-hour  is  the  only  experimental  quantity  beside  the  com- 
pression, the  f  actoi"  includes  aU  losses,  both  mechanical  and  thermal, 
which  former  should  really  be  separated  out. 

Similarly,  mean  effective  pressure  can  be  shown  thermodynamicaUy 
to  be  not  only  a  function  of  compression,  as  is  efficiency,  but  also  of  the 
calorific  value  of  the  mixture,  the  negative  work  ana  suction  heating 
or  volumetric  efficiency.  As  these  ^ects  are  not  separately  known, 
and  as  all  aero  engines  work  on  gasoline,  althou^  benzol  is  also  used 
in  Germany,  and  are  capable  of  making  and  using  the  same  calorific 
power  mixtures  measured  at  32^,  and  one  atmosphere,  this  factor 
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disappearB  as  a  variable,  and  becomes  a  constant  103  British  thermal 
units.    The  equation  then  takes  the  following  form: 

(m.  t.  p.)  =  6.4  X 103  xfl  -(^p^Wl-  566.2  X  E 

Comparison  of  this  computed  result  with  that  measured  by  test 
gives  the  diagram  factors  of  Table  VI,  includine  all  losses  due  to  every 
cause.  Comparison  of  the  diagram  factor  witn  the  efficiency  factor 
for  each  engme  indicates  whetner  or  not  the  interferences  affecting 
one  are  greater  than  those  that  affect  the  other.  For  example,  two 
engines  might  have  identical  efficiency  factors  and  yet  one  may  heat 
the  charge  much  more  than  the  other  with  a  lower  volimietnc  effi- 
ciency. This  one  will  have  a  verv  much  lower  diagram  factor  than 
the  other,  or  otherwise  the  ratio  oi  efficiency  factor  to  diagram  factor 
win  be  different,  and  such  is  the  case  in  general,  comparing  air-cooled 
with  water-cooled  engines,  especially  if  tne  former  are  of  the  rotating 
cylinder  heated  crank  case  sort. 

Tablb  VI. — Diagram  facton  and  efficiency  roHoi. 


Class  No. 


11. 


m. 


IV. 


Cylinder  crank  amnganuot. 


Fiz«dlnUn0of 
leylinds. 


Fixed  Vr,  S^^Undar  cnnk. 


Roteting. 


TixMlBtar. 


CooUng. 


Wftter. 


Air. 


Water. 


Air. 


Air. 


Water. 


Engine  or  maker. 


Beox. 

B.  If.  A  F.  W. 

Nleoport 

Bin*.. 

P. 

E. 

P. 

E. 

P. 

B. 

P. 

E. 

P. 

E. 

P. 

E 

^' 

^ 

?!^- 

Efflol- 
enoy 
ratio. 

?2S 

Effici- 
ency 
ratio. 

?se 

Effid- 
enoy 
ratio. 

%f- 

EiBol- 
enoy 
ratio. 

^ 

EiBoi- 
ency 
ratio. 

106.9 

0.20 
.630 

66.6 
.222 

0.16 
.348 

0.17 
.370 

78.2 
.260 

0.224 

.353 

.487 

Daimler. 

Gyro. 

lOllAmani  . 

108.5 

0.27 
.28 

.587 
.608 

\ 

76.0 
.256 

0.17 
.370 

79.6 
.333 

0.20 

108.0 
.345 

.340 

/ 

Daimler. 

i 

1911  Gnome. 

107.1 

0.27 
.20 
.687 
.565 

/66.9 
\66.4 
/     .223 
\     .215 

0.17 
.370 

107.1 

.367 

^ 

.367 
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Table  VI. — Diagram  factor9  and  efficiency  ratioa — Continued. 
Class  No. 


n. 


ni. 


IV. 


Cylinder  crank  arrangement. 


Fixed  In  line  of 
1  cylinder. 


Fixed  VT,  2-cylinder  crank. 


Rotating. 


Fixed  star. 


Cooling. 


Water. 


Air. 


Water. 


Air. 


Air. 


Water. 


Engine  or  maker. 


N.  A.  Q. 

P. 

E, 

P. 

E, 

P. 

E. 

P. 

E. 

P. 

E. 

P. 

E. 

Diag. 

foot. 

Effici- 
ency 
ratio. 

"^- 

Effici- 
ency 
ratio. 

?sg- 

Effici- 
ency 
ratio. 

?Sf 

Efficl- 
roSo. 

^^ 

Effici- 
ency 
ratio. 

"^; 

Effici- 
ency 
ratio. 

101.0 

0.28 
.26 
.608 
.565 

04.0 



.337 

.316 

Angus. 

106.5 

0.26 
.23 
.566 
.500 

107.0 

.355 

.337 

Austzo  Daimler. 

04.0 

0.26 
.565 

.31 

Cheno. 

108.6 

0.229 
.253 

106.5 

Wrljjit. 

80.2 

0.182 
.411 

.267 

Qreen. 

77.0 

5.23 
.504 

.258 

Note.— 17.  is  thermal  efficiency  referred  to  brake  horsepower  and  P.  is  mean  effective  pressure  pounds 
per  square  inch  referred  to  brake  horsepower. 

On  aoooont  of  lack  of  sufficient  data  for  tadividual  engines,  a  compression  ratio  of  1:LS  has  been  assuniAd. 
far  all  eogines,  equivalent  to  an  air  card  effloieooy  of  46.0  per  cent  and  theoretical  M.  K,P,''SOO. 
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These  figures,  which  shoidd  throw  so  mucn  light  on  performance, 
are,  as  a  matter  of  fact,  of  but  little  value  because  of  the  absence 
of  accurate  data,  especially  on  compression  and  engine  friction,  both 
mechanical  and  flmd.  Tney  are,  nowever,  given  to  illustrate  the 
method  of  judging  by  thermodynamic  standards  rather  than  by 
simple  comparison  of  engines  one  with  the  other,  in  the  hope  that 
in  luture  tests  such  data  will  be  obtained  as  to  make  possilble  the 
determination  of  both  diagram  factors  and  thermal  efficiency  ratios. 

Continuity  of  the  operation  of  mixtiure  treatment  in  the  cylinder 
is  dependent  on  tJie  maintenance  of  a  steady  state  as  to  temperature 
of  the  metal  parts,  and  this  is  possible  only  by  a  cooling  system  of 
con^erable  complexity  from  the  thermal  standpoint,  however  sim- 
ple the  apparatus  may  seem,  superficially  examined.  Cooling  for 
the  maintenance  of  a  steady  state  of  temperature  in  the  metal  parts 
is  not  of  itself  sufficient,  as  the  parts  must  be  held  to  a  low  limit  of 
temperature,  which  requires  a  definite  heat  conducting  and  dissipating 
capacity  in  proportion  to  the  heat  receiving  capacity  of  the  part. 
This  limit  of  allowable  temperature  is  imposed  not  only  by  the  re- 
quirements of  the  charging  and  compression  functions  but  is  neces- 
sary for  other  reasons.  If  metal  parts  become  too  hot  oxidation  sets 
in,  Btiffnees  is  reduced,  and  deformation,  both  the  temporary  sort 
resulting  from  expansion  and  the  permanent  sort  due  to  molecular 
rearrangements,  becomes  troublesome.  Cylinder  lubrication  is  also 
dependent  on  tne  temperature  of  the  metal  surfaces,  of  piston  barrel 
exterior  and  cylinder  interior,  which,  if  too  high,  prevents  any  oil 
remaining  without  destructive  distillation  or  carbonization,  or 
impairs  its  lubricating  value  by  excessive  reduction  of  viscosity. 

Heat  is  received  by  all  metal  parts  in  contact  with  the  hot  ^ases 
and  these  parts  include  the  cylinder  head,  inlet  and  exhaust  vdves. 
the  waUs  oi  any  valve  pockets,  the  igniter  plup,  the  piston  head,  ana 
the  whole  interior  of  the  cyhnder  wall  exposed  at  the  end  of  the  out^ 
stroke.  The  heat  received  by  the  cylinder  proper  is  greatest  for  the 
part  exposed  during  the  first  part  of  expansion  just  following  explo- 
sion, and  extremely  hot  gases  are  in  contact  witn  the  whole  mterior 
of  the  clearance  space,  in  addition,  heat  is  given  up  by  burnt  gases 
escaping  through  the  exhaust  valve  and  ports  to  tne  valve  and  its 
stem  to  the  stem  guides,  port  walls,  and  connecting  parts  of  the  cyhn- 
der head  or  the  side  pocket  that  carries  the  exhaust  valve. 

Heat  received  from  hot  gases  must  be  conducted  through  the 
metal  by  more  or  less  devious  and  rarely  straight  paths  to  the  external 
surfaces  of  the  metal  walls  from  which  heat  may  be  abstracted.  The 
first  means  of  abstraction  from  the  exterior  faces  of  the  walls  is  air  in 
motion,  induced  or  driven  by  a  fan  which  maybe  separate,  or  the  pro- 
peller itself.  In  some  cases  the  free  air  moving  past  with  the  velocity 
of  ffight  is  reUed  upon,  but  the  most  unique  arrangement  is  that 
of  the  rotating  cyUnder  cooperating  with  the  free  air  movement. 
The  second  means  of  abstraction  is  water  or  oil,  or  in  general  a  liquid 
circulated  by  a  pump,  first  over  the  heat  receiving  waUs  and  then 
through  the  radiator  where  the  free  air  again  takes  it  up  with  or 
without  the  assistance  of  a  fan.  A  third  method,  as  yet  used  in  very 
few  aero  engines,  though  frequently  used  elsewhere,  is  the  boiling 
water  jacket,  noncirculatting,  with  an  air  cooled  steam  condenser  and 
condensate  return.  In  any  case  the  ultimate  disposition  of  the  heat 
is  to  the  free  air^  and  when  liquids  are  interposed  as  carriers  it  is  with 


Digitized  by 


Google 


254  AEB0KAUTIC8. 

the  idea  that  some  good  results  will  follow  what  appeals  to  be  at 
first  an  indirect  method.  The  only  sort  of  good  result  that  would  be 
worth  while  is  a  better  abstraction  from  heated  waUs  in  steadiness 
and  decree,  and  that  such  is  the  case  is  unquestionable,  not  only  on 
rational  grounds,  but  by  experimental  demonstrations. 

Whenever  heat  is  to  pass  between  a  fluid  and  a  body  of  metal, 
it  has  been  estabUshed  that  a  layer  of  fluid  adhering  to  the  metal  as 
a  film  acts  on  the  heat  flow  as  an  insulating  layer.  The  thickness  of 
this  dead  fluid  film,  and  therefore  its  thermalresistance,  depends  on  the 
condition  of  fluid  motion,  or,  as  it  has  been  termed,  on  the  scrubbing 
action.  Hi^h  velocities  always  reduce  the  film  tbickness  and  the 
thermal  resistance.  The  thennal  resistance  (reciprocal  of  th^  con- 
ductivity) of  gases  and,  therefore,  of  gaseous  films  of  given  thickness, 
is  of  the  order  of  ma^tude  of  1,000  times  that  of  metals  and  10 
times  that  of  Uquids  and  the  thennal  resistance  of  Uquids  100  times 
that  of  metals. 

Heat  flowing  from  hot  cylinder  eases  to  the  air  directly  must,  there- 
fore, pass  throush  a  complex  path  of  at  least  three  parts,  a  dead  gas 
film  on  the  inside  walls  of  the  cylinder,  the  metal  wall  and  a  second 
dead  gas  fihn  on  the  outside.  When  a  circulating  liquid  is  intro- 
duced the  path  is  more  complex,  consisting  of  a  dead  eas  film  on 
inside  cylinder  walls,  the  metal  walls,  a  liqud  film  outside  the  walls, 
a  second  liquid  film  on  the  inside  of  the  radiator,  jacket,  or  water 
pipe  walb,  and  finallv  a  second  gas  film  on  the  outside  of  radiator 
jacket  or  pipe.  Eacn  of  these  elements  of  the  heat  path  exerts  a 
thermal  resistance  to  heat  flow,  and  the  resistance  of  the  whole  path 
is  the  sum  of  the  separate  resistances. 

Heat  flows  accoroing  to  a  law  similar  to  Ohm's  law  for  electricity, 
inasmuch  as  the  flow  varies  directly  with  the  difference  of  potential 
or  temperature,  and  inversely  as  the  resistance.  Therefore,  over 
any  complex  path,  consisting  of  several  parts  each  of  different  resist- 
ance senes  as  the  same  quantity  of  heat  is  passing  through  all.  the 
whole  temperature  drop  is  divisible  into  partial  temperature  drops 
in  the  proportion  of  the  partial  resistance  to  the  whole  resistance. 
The  resistance  of  any  one  part  of  the  path  is  inversely  proportional 
to  the  conductivity  of  the  substance,  is  directly  proportional  to  the 
length  of  path  in  the  direction  of  heat  flow,  and  is  mversely  as  the 
cross  section  of  path  at  right  angle  to  the  heat  flow.  Acoordin^y 
the  temperature  drop  through  a  gas  film  is  almost  a  thousand  times 
as  great  as  through  a  metiS  wau  of  equal  thickness,  and  the  drop 
through  a  liauid  mm  abo  of  the  same  thickness  would  be  about  ten 
times  that  through  the  metaL  Oas  film  thicknesses  and  thermal 
resistances  on  the  interior  of  the  combustion  chamber,  because  of 
lack  of  circulation  there,  must  be  fairly  thick  and  so  highly  resistant. 
These  interior  gas  film  resistances  must  be  much  greater  than  the 
air  films  on  the  exterior  where  air  is  blasted  over  surfaces  and  very 
much  more  in  turn  than  the  resistance  of  films  of  liquids  circulating 
over  those  exterior  surfaces.  Of  all  the  temperature  drops,  by  afl 
odds  the  least  is  that  through  the  thin  cylinder  walb  when  the  flow 
is  direct. 

The  object  of  the  design  of  the  cooling  system  is  to  keep  the  inte- 
rior metal  walls  as  cool  as  possible,  and  these  walls  wiU  jbe  cool  in 
proportion  as  the  thermal  resistance  of  the  heat  flow  path  is  greatest 
on  the  side  of  heat  reception  and  in  proportion  as  the  resistance  on 
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the  ootflide  is  small  sad  the  heat  flow  path  thioiigh  the  ntotal  short, 
or  in  the  event  of  this  being  impossi  me  then  of  equiralently  krger 
cross  section. 

By  reason  of  the  i^act  that  they  nonnaUy  work  at  or  nearly  at  full 
power  and  at  such  high  speeds,  aero  engines  develop  more  heat  per 
square  inch  of  wall  interior  than  an^  other  class  of  mtemal-combus- 
tion  engines  of  the  same  bore,  and  it  is  an  open  question  whether  cyl- 
inder bore  has  much,  if  anrthing,  to  do  witn  this  quantity.  Ooohnfi 
must,  therefore,  be  more  effectively  provided  than  m  any  other  simi- 
lar engine,  so  that  careful  study  of  heat  flow  conditions  should  be 
well  repaid  in  improved  results,  both  as  to  maintenance  of  hi^h 
power  and  reliabihty.  While  considerable  advance  has  been  made  m 
this  direction  it  is  more  concerned  with  eeneral  system  than  with 
details.  The  literature,  for  example,  is  full  of  controversial  matter 
on  air  cooling  versus  water  coolmg,  on  the  relative  merits  of  air 
blasted  fixed  versus  rotating  cyUnders,  and  sudi  matters  of  general 
ajTsngement.  but  there  is  a  general  lack  of  attention  to  the  rational 
thermal  analysis  or  design  of  the  heat  flow  path  for  control  of  its 
resistances  and  temperature  gradients. 

Cooling  of  cylinder-barrel  walls  is  perfectly  easy  by  either  air  or 
water,  but  to  get  air  cooling  as  effective  as  water  £ne  air  must  circu- 
late many  times  faster  than  the  water,  which  is  <}uite  effective, 
whether  it  has  any  material  velocity  or  not.  Extension  of  exterior 
surface  is,  of  course,  a  direct  and  rational  means  of  reducing  the  nec- 
essary air  velocity  to  secure  a  rate  of  heat  abstraction  that  will  keep 
the  temperature  of  the  metal  walls  much  nearer  to  that  of  the  circu- 
lating air  than  to  the  interior  hot  gases.  Such  ribbing  is  quite  unnec- 
saiy  with  water  or  oil  in  jackets  as  the  rate  of  abstraction  by  this 
medium  of  higher  conductivity  is  so  hish  that  no  more  abstraction 
surface  is  required  than  that  receiving  neat  to  keep  the  metal  at  a 
temperature  very  close  to  that  of  the  fiquid. 

Difficulties  of  cooling  b^in  only  on  the  irregular  parts  and  increase 
with  their  irregularity  or  thermal  isolation  from  heat  dissipators. 
The  first  irregular  element  met  is  the  cylinder  head  or  side  valve 
pocket.  This  receives  heat  over  the  whole  interior,  including  the 
valve  faces,  and  also  from  the  walls  of  the  exhaust  port.  It  can  not 
be  of  uniform  metal  thickness,  and  by  reason  of  valve  seats  and  ports 
^e  metal  heat  flow  path  can  never  be  of  uniform  length,  so  it  is  to  be 
expected  that  however  imif orm  in  temperature  the  interior  of  the 
smooth  cylinder  barrel  may  be  no  such  condition  can  apply  to  heads 
or  valve  pockets.  The  intake  port  and  valve,  with  its  stem  and  stem 
bearing,  are  coolers  and  need  no  other  cooling  than  is  available  from 
the  incoming  charge,  especially^  when  the  mixture  carries  some  Uq[uid 
still  to  be  vaporized,  it  is  this  inlet  self-cooling  that  is.  responsible 
in  part  for  lowered  volumetric  efficiencies,  so  the  neat  exchange  here 
that  helps  in  one  direction  is  harmful  in  the  other. 

Elxhaust  ports,  whether  cast  in  or  welded  to  sheet  metal  or  screwed 
into  machined  seats,  can  not  be  too  well  cooled,  because  they  start 
at  the  exhaust  valve  seat,  at  which  point  heat  is  received  on  both 
the  port  side  and  combustion  chamoer  side.  Exhaust  ports  also 
carry  the  stem  bearing  of  the  exhaust  vidve,  which  is  the  only 
means  of  disposing  of  the  heat  received  by  the  valve  itself  on  either 
side.    For  the  amount  of  heat  received  and  to  be  disposed  of,  with- 
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out  undue  localized  rise  of  temperature  at  the  exhaust  valve  seat, 
these  exhaust  ports  of  cylinder  heads  or  valve  pockets  are  normally 
not  cooled  sufficiently.  Increased  metal  cross  section  and  metal 
extensions  to  jacket  or  air  blast  spaces  woyld  naturally  assist.  Still 
worse  in  many  engines  is  the  condition  of  the  exhaust  valve  receiv- 
ing heat  on  both  sides  and  with  no  source  of  dissipation  except  its 
stem  and  the  stem  bearing.  These  stems  should  have  a  large  metal 
cross  section,  and  the  metal  should  be  of  as  high  conductivity  as 
possible,  while  the  joint  from  valve  stem  to  disk  should  be  of 
long  curve  and  the  disk  of  increasing  thickness  toward  the  center  to 
further  promote  conducting  capacity.  The  stem  bearing  can  hardly 
be  too  big  or  long  nor  too  well  cooled  by  sufficient  metal  and  heat 
dissipating  surface,  but  heat  transfer  from  the  stem  to  the  guide 
bearing  can  hardly  be  expected  without  an  adequate  oil  iSlm,  because 
a  dry  stem  means  a  gas  film  of  so  much  greater  thermal  resistance 
than  oil  as  to  render  useless  the  large  metal  cross  section  and  surface. 
To  hold  oil  in  such  a  stem  bearing  without  an  elementary  stuffing 
box  is^  of  course,  almost  impossible,  but  though  such  a  device  is  not 
used,  it  should  be  added  to  replace  the  present  two  diameter  stems 
now  in  use  for  this  purpose.  It  requires  onW  a  casual  survey  of  the 
illustrations  of  aero  en^es  to  see  how  different  is  the  means  for 
head  cooling  and  expecially  that  of  the  exhaust  valve,  its  seat,  stem 
and  port  walls,  and  how  easily,  therefore,  distortion  of  the  metal 
Darts  may  occur,  due  to  unequal  expansion,  resulting  possibly  in 
^reaka^es  but  certainly,  when  valves  and  seats  are  involved,  in  seri- 
ous le&s  which,  once  started,  especially  at  exhaust  valves,  rapidly 
increase  by  the  nigh  erosion  influences. 
.  Probably  the  worst  cooled  part,  aside  from  the  exhaust  valve,  is 
the  piston  nead,  which  receives  heat  over  its  whole  top  surface,  eaual 
to  tne  area  of  the  cylinder  bore  circle  at  least,  and  more  if  arcned 
upward  or  dished  down,  as  may  properly  be  done,  especially  the  former 
to  give  it  some  stiffness  and  elasticity  in  thermal  expansion.  This 
heat,  while  imparted  in  small  part  to  the  crank  case  air,  must  larjgely 
and  almost  whoUy  be  disposea  of  to  the  cylinder  walls  by  a  radially 
outward  conduction  across  the  head,  followed  by  conduct  down  the 
piston  barrel,  thence  across  an  oil  film  to  the  cylinder  walls.  By 
increasing  the  metal  thickness  of  the  piston  head  regularly  from 
the  center  outward  in  proportion  to  the  square  of  the  radius,  its 
heat  carrying  capacity  could  be  made  proportional  to  the  receiving 
surface  above.  Then  by  suitably  thickemng  the  upper  barrel  the 
axial  heat  carrying  capacity  can  be  made  great  enough  to  take  what 
is  delivered  by  the  outer  ring  of  the  head  and  conduct  it  down  for 
the  oil  film  to  be  taken  up  and  transferred  to  cyUnder  waUs.  This 
last  transfer  is  most  effective  the  longer  the  piston  and  the  better 
the  oil  film,  and  as  it  is  thus  disposed  of  the  thickness  of  barrel  may 
be  reduced.  Such  additional  piston  metal  to  secure  an  adequate 
heat  carrying  path  will  be  least  the  greater  its  thermal  conductivity, 
and  there  is  no  reason  why  suitable  carrying  capacities  should  not 
result  without  undue  weight.  Examination  of  the  illustrations  will 
indicate  that  apparently  the  idea  of  most  of  the  designers  has  been 
to  use  as  thin,  and  uniformly  thin,  metal  as  possible  with  no  thought 
of  heat  conductivity  whatever,  though  a  few  give  evidence  of  some 
erasp  of  the  problem.  An  exception  to  the  overheated  piston  is 
found  in  the  rotating  cylinder  engine  that  carries  its  inlet  valve  in 
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the  piston,  which  in  this  case  is  adequately  cooled,  but  at  the  ex- 
pense of  volumetric  efficiency.  There  is  no  reason,  should  thick 
metal  pistons  prove  objectionable,  why  air  blasts  should  not  be 
introduced  directly  under  the  pistons  except  the  consequent  evap- 
oration of  lubricatmg  oil. 

Piston  heads  that  are  very  unequally  heated  or  very  hijghly  heated 
are  subject  to  a  considerable  expansion  and  to  oxidation  as  weD. 
besides  being  responsible  for  decreased  volumetric  efficiency  and 
preignition  or  lowered  compression.  Excessive  and  variable  expan- 
sion of  the  head  besides  resulting  in  permanent  deformation  or  cracks 
wiU  cause  the  piston  to  bind  on  the  cylinder  unless  cut  away  or  given 
extra  cylinder  clearance.  If  sufficientlv  cut  away  to  give  relief, 
leakage  is  promoted,  which  defeats  lubrication,  and  the  oil  film, 
which  is  an  essential  part  of  the  thermal  path  from  piston  to  cylinder, 
is  destroyed  and  overheating  accelerated.  Some  httle  clearance,  and 
more  at  the  top  than  along  the  barrel,  is  necessary,  but  the  lees  the 
better,  and  the  better  the  cooling  of  the  piston  head  whether  by  con- 
duction across  it  and  down  the  barrel  or  through  separate  conduction 
bars,  directly  from  head  center  to  barrel  and  to  oil  film,  the  lees 
clearance  will  be  necessary.  A  photograph  is  given  in  a  German 
report  of  a  piston  that  failed  from  overheating,  and  such  failures 
seem  to  be  frequent.  There  is  also  shown  a  burned  spark  plug, 
which  should  be  cooled  just  as  well  as  other  parts  to  prevent  exces- 
sive temperature  rise,  though  its  end  must  be  warm  to  promote 
cleanliness,  but  not  so  warm  as  to  make  an  incandescent  spot,  or  to 
cause  destruction. 

Oacked  cylinders  are  also  more  or  less  common  from  unequal 
cooling,  and  in  hoih  the  German  and  the  British  Alexander  tests 
such  cases  are  reported.  In  the  latter  the  fact  that  the  cylinder  ran 
11  hours  before  failing  proves  the  crack  to  be  not  due  to  anv  gas- 
pressure  stress.  This  unequal  cooling  or  heating  may  be  due  to 
imeven  thicknesses  of  metal  or  to  unequal  heat  abistraction,  as 
would  occur  in  water  jackets  with  steam  or  air  pockets,  or  to  the 
impact  of  the  air  blast  from  the  propeller  on  the  front  side  of  a  for- 
ward cylinder.  Rotating  air-cooled  cylinders  and,  in  fact,  even 
fixed  air-blasted  cylinders  can  not  be  equally  cooled  because  it  is 
quite  impossible  to  force  equally  cool  fresh  air  at  equal  velocity 
around  the  whole  cylinder,  no  matter  how  many  baffles  or  guides  are 
used,  and  this  ineauaUty  must  promote  distortion.  One  compen- 
sating element  used,  that  of  eccentric  ribs  giving  more  surface  for 
heat  abstraction  on  the  side  of  least  air  activitv,  is  ingenious,  prob- 
ably more  so  than  effective.  There  seems  to  be  no  hope  whatever 
of  air  cooling  ever  being  made  as  uniform  as  with  water,  and  there- 
fore more  (ustortion  effects  are  certain  in  air-cooled  engines  even 
though,  by  the  use  of  excessive  quantities  of  air  and  fan  or  windage 
power,  the  walls  could  imdoubtedly  be  kept  as  cool  as  with  water, 
it  could  not  be  a  uniform  cooling,  and  hence  not  as  desirable.  In  the 
German  test  report  the  windage  of  the  Gnome  rotatiog  cylinder 
enmne  is  given  as  8  per  cent  of  me  output,  which  checks  exactly  the 
value  given  by  Winkler  for  the  Renault  fixed-cylinder  engine  fan 
power. 

Water  gives  control  of  temperature  in  degree  as  well  as  uniformity, 
for  with  sufficient  radiator  capacity  the  water  temperature  entering 
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I'ackets  can  be  kept  only  a  few  degrees  above  that  of  the  fi^  air. 
Jy  sufficient  circulating-pump  capacity  the  delivery  temperature 
from  the  en^e  jackets  can.  be  kept  as  near  the  inlet  temperature  as 
may  be  desu-ed.  On  the  other  hand,  should  the  engine  be  foimd  to 
work  better  with  wanner  water,  or  if  radiator  size  is  to  be  minimizedi 
and  the  advantage  be  regarded  as  greater  than  a  warmer  engine, 
this  can  be  accomplished  by  reducing  radiator  size  with  correspond- 
ing rise  of  temperature  of  water  inlet  to  engine  without  in  any  wav 
ai^tin^  the  uniformity  of  heat  abstraction  from  the  engine  metal. 
Hie  limit  of  this  occurs  when  the  jacket  water  is  allowed  to  boil,  as 
in  the  Antoinette,  in  which  case  the  radiator  becomes  an  air  con- 
denser and  verv  small  because  of  high  temperature  difference  between 
steam  (212^  F:)  and  the  free  air.  Higher  temperatures  than  this 
can  be  secured  by  the  use  of  oil  in  jackets,  as  is  done  in  some  farm 
tractors  to  further  reduce  radiator  size,  and  such  oil  has  the  advan- 
tage of  not  freezing. 

riston-cooUng  effectiveness  is  more  or  less  meastured  by  the  limit- 
ing diameter  that  is  operative,  and  the  tendency  to  use  multiple  cyl- 
inders of  small  diameter,  especially  in  the  rotating  air-cooled  enjgine, 
which  go  as  high  as  20  cylinders  per  engine,  and  to  keep  tiieir  cylinder 
diameters  less  than  5  inches,  can  be  traced  directly  to  this.  Even 
with  water-cooled  engines  a  limit  is  reached,  dependent  entirely  on 
this  piston-cooling  factor,  and  larger  cylinders  than  are  now  used 
reouire  better  cooling  of  the  piston  by  the  methods  indicated. 

Temperature  expansion  stresses  added  to  those  imposed  by  gas 
pressures  and  mass  motion  forces  have  never  yet  been  successfmly 
attacked  by  the  stress  analyst,  but  even  if  t&ey  could  be  treated 
mathematically  it  would  help  but  little  when  the  temperature  in  the 
various  parts  of  the  metal  structure  are  unknown.  No  class  of 
machine  except  the  large  internal-combustion  engine  suffers  so 
severely  from  these  temperature  conditions  as  aero  engines,  and  in 
none  is  the  consequence  of  failure  likely  to  be  so  serious.  This  new 
and  difficult  problem  must  be  attacked  patiently  and  systematically 
by  experimental  research  if  any  but  accidental  or  haphazard  results 
are  to  be  attained.  Pending  such  needed  fact  data  on  temperatures 
and  temperature  gradients  and  on  the  effects  of  mean  temi>erature  or 
temperature  differences  on  volumetric  efficiency,  on  limiting  com* 
pressions,  on  metal  expansion,  on  permanent  distortion,  or  on  corro- 
sion, the  best  that  can  be  done  is  to  use  that  method  of  attack  that 
promises  best  results  in  uniformity  of  cooling  and  in  low  mean  tem- 
perature. This  imdoubtedly  involves  the  use  of  liquids  as  heat 
receivers  from  the  metal  walk,  but  just  as  surely  demands  proper 
arrangement  of  metal  parts  for  promotion  of  heat  transmission  as 
uniformly  as  possible  through  the  several  parts. 

Lubrication  as  a  process  is  of  considerably  greater  importance  and 
significance  in  the  aero  engine  than  in  any  other,  for  while  it  has  but 
little  direct  relation  to  the  power  weight  ratio,  it  has  an  indirect  one 
and,  of  course,  bears  directly  on  reliabilil^,  constituting  probably  the 
most  important  element  of  tnis  factor.  The  indirect  relation  of  mbri* 
cation  to  the  power  weight  ratio  results  from  the  use  of  unusual 
metals  at  bearing  surfaces,  especially  cyUnder  versus  piston,  adopted 
for  reduction  of  metal  volume,  and  bringmg  cast  iron  and  bronze 
against  steel,  and  even  steel  against  sted.  Lubrication  is  also  as 
pointed  out  previously,  a  factor  in  cooling  when  the  heat  dissipation 
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path  includes  an  oil  film  surface,  maintenance  of  which  reduces  heat 
resistance  to  a  proper  vahie,  but  loss  of  which  results  in  overheating 
of  the  parts  that  are  thus  thermally  isolated.  Not  only  is  the  lubri- 
cation of  the  aero  engine  peculiar  m  these  two  respects  of  unusually 
difficult  metals  to  be  lubricated,  and  heat  conductivity  function  in 
addition  to  that  of  lubrication,  but  in  other  respects  as  well.  Maxi- 
mum compactness  in  the  interests  of  low  weight  leads  to  the  use  of 
small  bearmgs  and  as  high  bearing  pressures  as  may  be  feasible  for 
the  very  high  speeds  in  use.  In  the  case  of  rotating  cylinder  engines 
any  change  in  angular  velocity  produces  piston  side  thrust  loads,  not 
found  in  any  other  machine  and  these  may  be  extremely  high,  so 
high  as  to  even  bend  the  cylinders  as  cantilever  beams  if  tJie  accelera- 
tion, positive  or  negative,  is  large.  All  aero  engines  have  closed 
crank  cases  and  these  must  necessarily  get  very  warm,  largely  from 
heat  received  from  the  underside  of  piirtons,  but  also  from  the  whole 
side  of  the  piston  barrel  and  the  exposed  cylinder  wall.  The  cvlinder 
wall  is  hot  oy  reason  of  the  heat  bem^  conducted  throufi:h,  so  tnat  the 
viscosity  of  the  oil  on  it  is  reduced  just  about  to  the  limit.  ^  In  the 
hottest  r^on  near  piston  heads,  and  even  in  some  cases  in  other 
parts  as  well^  the  cylinder  oil  suffers  decomposition  changes,  due  to 
the  heat,  as  is  proved  by  the  progressive  loss  of  lubricatix^  value  of 
oil  in  circulating  return  systems.  Not  only  is  the  oil  subjected  to 
variable  and  hi^  temperatures,  but  it  must  be  of  such  character  as 
will  not  leave  excessive  carbon  residues  in  the  combustion  chamber 
when  it  works  past  pistons,  but  must  vaporize  on  the  hot  surface  with 
least  carbonization.  Coupled  with  these  hi^h  interior  temperatures 
of  the  aero  engine  are  possible  excessiyelv  Tow  temperatures  of  the 
surroimding  air,  freezing  temperatures  in  hijgh  altitudes  bein^  rather 
the  rule  than  the  exception,  and  vet  immediately  before  or  after,  the 
machine  may  be  dose  to  the  eartn  where  the  temperature  in  summer 
may  exceed  100  degrees. 

It  is  clear  that  aero  engine  lubrication  is  not  only  more  important 
as  a  process  than  in  other  classes  of  engine  with  reference  to  need  and 
consec][uences,  but  is  very  much  more  difficult  on  account  of  the 
excessive  heating,  even  when  the  engine  is  built  of  the  standard  mate- 
rials of  internal  combustion  enmie  practice,  i.  e.,  cast-iron  piston  on 
cast-iron  cyUnders,  but  is  doubly  dimcult  when  steel  is  substituted  to 
reduce  metal  volume,  so  it  is  natural  to  find  new  elements  of  practice 
introduced. 

Crank  shaft  and  crank  pin  bearings  of  aero  engines  offer  no  more 
difficulty  on  aero  engines  than  on  others,  provided  the  bearing  pres- 
sures imposed  by  the  desisner  in  an  effort  to  cut  down  material  are 
not  excessive  and  provided  the  surrounding  atmosphere  is  not  hotter. 
The  necessity  for  crank  cases  imposed  by  the  presence  of  dust  in 
the  air  at  landing  and  starting  points,  does  make  the  atmosphere 
surrouncUng  these  bearinss  abnormally  hot,  especially  when  the  pis- 
tons are  inadequately  cookd  as  is  more  often  the  case  than  not.  This 
hot  atmosphere  created  by  hot  pistons  and  conserved  by  the  closed 
crank  case  naturally  raises  main  and  crank  pin  bearing  temperatures 
to  some  value  higher  than  the  crank  case  air,  fixed  by  the  neat  gen- 
erated in  them  by  friction,  and  so  reduces  oil  viscosity  correspond- 
ingly. This  would  seem  to  be  sufficient  reason  for  using  lower  bearing 
pressures  or  laiger  surfaces  than  in  auto  engines,  for  example,  and  this 
conclusion  is  reenf orced  by  the  fact  that  the  bearing  surface  speed  is  so 
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very  high  and  continuously  so.  Instead  of  lai^er  main  and  crank  pin 
bearings,  the  aero  engines  so  far  developed  usually  have  equal  or 
smaller  ones  than  automobile  or  boat  engines.  No  matter  how 
elaborate  the  oil-feeding  s^^tem  nor  how  carefully  the  ^ade  of  oil 
may  be  selected,  this  practice  can  not  be  accepted  until  it  has  been 
more  fully  demonstrated  than  has  yet  been  done,  that  it  is  necessary. 

Piston  and  wrist  pin  lubrication  present  still  ^eater  difficulties, 
and  no  new  methods  of  lubrication  are  available  beyond  the  supply 
of  excessive  c[uantities  of  oil  to  these  surfaces.  As  already  pointed 
out,  aero-engine  pistons  are  hotter  than  those  of  other  engines  oecause 
of  the  higher  speed  and  consequent  greater  heat  quantity  per  minute 
taken  up  by  the  pistons,  and  also  because  these  are  of  thinner  metal 
and  so  can  not  dispose  of  their  heat  so  readily  to  the  cylinder  walls. 
This  is  further  g^p^avated  by  the  shortness  of  the  pistons,  which  in 
some  cases  are  hardly  more  than  two-thirds  of  a  diameter  in  length, 
though  Winkler  recommends  1.1  diameter,  while  stationary-engine 
pistons  are  regarded  as  requiring  a  leujgth  of  two  diameters.  &ich 
short  pistons  reduce  the  heat  mssipating  cylinder  contact  surface, 
but  also  increase  the  side-thrust  pressures.  They  tend  to  cock  side- 
wise,  especially  when  made  loose  to  reheve  expansion,  and  so  concen- 
trate siae  thrust  at  the  ends  instead  of  distributing  it  over  the  already 
too  small  surface.  In  the  rotating  cylinder  engmes  additional  side 
thrust  of  almost  any  amount  may  result  from  variations  of  angular 
velocity  if  sudden.  Under  such  high  temperatures  and  high  side 
pressures,  perhaps  badly  distributeci,  the  viscosity  and  lubncating 
value  of  most  ous  falls  very  low  and  the  decomposition  conditions 
are  approached  with  production  of  light  constituents  that  evaporate 
and  oitar  or  carbon  constituents  that  stick.  Yet  in  spite  of  this  the 
speed  of  the  rubbing  surfaces  is  so  very  high  as  to  require  lower  sur- 
face pressures  and  temperatures  rather  than  higher.  Mean  piston 
speeds  are  never  under  1,000  feet  per  minute,  a  nigh  limit  for  good 
stationary-engine  practice,  and  even  exceed  2,000  feet  per  minute. 

To  still  further  aggravate  this  piston-lubrication  condition,  steel 
pistons  have  been  introduced  against  cast-iron  cylinders,  steel  cyl- 
mders  with  cast-iron  pistons,  and  steel  pistons  against  steel  cylinders, 
again  in  the  interest  of  reduction  of  metal  volume,  thoiigh  nowhere 
in  engineering  practice  has  there  been  any  success  in  lubricating  such 
surfaces,  especially  when  very  hot. 

The  fact  remains,  however,  that  these  aero  engines  do  run,  but  the 
absence  of  sufficient  reliable  data  extending  over  years  of  experience, 
commensurate  with  that  on  which  present  standards  of  internal  com- 
bustion en^e  practice  rests,  makes  it  a  source  of  wonder  whether 
the  lubrication  of  aero  engines  at  present  is  wrong  and  bad,  or  whether 
on  the  other  hand  they  have  taught  old  practice  something  new. 
About  all  that  can  be  said  at  present,  however,  is  that  manv  aero- 
engine failures  traced  to  lack  of  lubrication  are  recorded;  tnat  the 
oil  comsumption  of  these  engines  is  very  high,  in  some  cases  reaching 
half  the  weight  of  fuel;  and  finally  that  the  greatest  caution  should 
be  observed  m  following  present  methods.  At  the  same  time,  the 
construction  of  engines  to  operate  cooler  at  lower  bearing  surface 

Pressures  and  with  parts  of  successively  different  materiaJs  should 
e  undertaken  for  test  data.    Each  new  combination  should,  be 
experimentally  tested  to  destruction  with  decreasing  quantities  of 
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selected  but  different  oils  to  definitely  settle  this  question  in  the 
laboratory. 

As  to  details  of  method  of  application  of  oil,  there  seems  to  have 
been  developed  some  more  or  less  general  practices.  All  rotating  cylin- 
ders are  lubricated  by  crank-case  spra^,  which  in  the  case  of  those  tak- 
in^  the  charge  through  the  crank-case  involves  the  carrying  of  appreci- 
able  ijuantities  of  ou  into  the  combustion  chamber  where  it  bums,  at 
least  in  part.  This  is  practically  e<]uivalent  to  the  splash  system  for 
fixed  cylinders,  which  Tor  auto  engines  has  proved  only  moderately 
successful  and  for  aero  engines  is  quite  unsuited.  All  fixed-cyUnder 
engines  use  forced  lubrication  for  main  and  crank-pin  bearings, 
through  holjow  or  drilled  shafts  and  cranks,  the  pressure  being 
developed  by  pumps,  many  of  which  have  failed  even  during  com- 
petition tests.  Normally  these  fixed-cylinder  engines  have  crank* 
case  oil  tanks  at  the  lowest  points,  often,  though  not  alwa3n9,  carrying 
here  all  the  oil  supply  for  a  full  length  run  of  10  hours  or  more,  as 
a  means  of  preventing  solidification  of  oil  under  low-air  tempera- 
tures, and  with  all  or  most  of  the  distribution  pipes  inside  the  crank 
case  for  the  same  reason,  sometimes  substituting  cored  or  drilled 
>a8sages  in  the  casting  for  pipes.  These  pump-forced  feeds  are  so 
.ar  ail  of  the  central  system,  one  pressure  supplv,  sometimes  with  a 
duplicate  in  reserve,  being  provided  with  multiple  outlets,  which  has 
an  element  of  danger,  because  tight  bearing  needing  most  oil  receive 
least  in  proportion  to  the  loose  bearing  which^  offenng  less  resistance 
to  oil  escape,  tend  to  take  it  all.  There  are  three  typicsl  pump 
s^^tems:  First,  complete  circulation  of  the  whole  supply  to  bearings 
with  gravity  return  to  sump  and  pump;  second^  direct  feed  of  fresh 
oil  from  pump  with  no  return;  and  third,  combmations  of  this  with 
two  pumps,  one  for  fresh  and  one  for  circiilating  oil,  discharging  into 
common  Dearing  tubes  or  into  separate  ones.  Any  circulating  oil 
system  requires  a  cooler,  and  the  exposed  crank-case  sump  surface 
is  sometimes  relied  on,  sometimes  supplemented  by  air-circulation 
tubes  or  by  carrying  the  oil  supply  to  exterior  cooling  surfaces,  and 
as  a  rule  tnis  oil  cooling  is  made  complementary  to  carburetor  mix- 
ture or  air  warming,  by  passing  one  in  thermal  contact  with  the  other. 
As  a  rule  cylinders  and  wrist  pins  are  lubricated  by  the  oil  escapin^i 
from  main  and  crank-pin  bearings,  but  considerable  modification  of 
details  is  found,  and  reference  is  made  to  the  papers  and  reports 
reproduced  in  the  appendix.  Among  these  that  of  Benderman, 
reporting  on  the  second  Qerman  ocmpetition,  is  so  good  that  it  is 
worth  quoting. 

Lubncation. — ^The  amount  of  lubricating  oil  required  is  affected  by 
the  system  of  lubrication  and  the  circulation  of  the  lubricant.  The 
lubricant  of  an  aeroplane  engine  should  not  only  reduce  the  friction 
between  the  parts  which  are  m  sliding  contact,  and  not  only  remove 
the  frictional  heat,  which  is  considerable,  due  to  high  bearing  pres- 
sure, but  in  many  cases  it  also  has  to  cool  the  piston  heads.  The  oil 
is  largely  lost  without  doing  any  work.  It  works  past  the  piston 
into  tne  combustion  chamber  and  there  fouls  spark  plugs  and  valves. 
This,  of  course,  can  not  be  avoided  altogether,  but  it  may  be  minimized 
by  guards  at  tne  cylinder  ends  and  by  positively  feeding  the  oil  to  the 
wrist  pins.  Much  oil  escapes  in  the  form  of  vapor  and  fog  through 
the  ventilating  funnels  (breathers),  which  equalize  pressure  or  vacuum 
in  the  crank  case  without  allowing  the  oil  to  sqxdrt  out  or  dirt  to 
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enter.  If  these  breathers  are  made  long  and  exposed  to  the  air  blast 
the  oil  vapor  will  condense  in  them  and  distant  places,  such  as  the 
cam  shaft  above  the  cylinders,  may  thereby  be  lubricatea  in  place  of 
the  hand  lubrication. 

The  loss  of  oil  by  leaks  in  the  casing  depends  on  the  number  and 
kind  of  the  joints.  Especially  the  guides  of  the  valve  tappet  rods 
throw  out  a  great  deal  of  oil.  It  will)  therefore,  be  well  to  keep  their 
diameters  at  the  place  where  they  emerge,  small.  In  one  motor  the 
tappets  are  nearljr  surrounded  by  the  ventilating  pipes  (breathers), 
which  direct  the  oil  coming  back  to  the  crank  case. 

The  lubricating  qualities  of  the  oil  decrease  with  increasing  tem- 
perature. Therefore  rapid  circulation  of  tlie  oil  in  the  bearings  sub- 
jected to  high  pressures  is  required;  also  sufiKcient 'cooling  in  a  spa- 
cious oil  pan,  preferably  with  cooling  tubes.  At  high  temperatures 
as  tables  6  shows,  castor  oil  is  considerably  more  viscous  and  eflFective 
than  good  mineral  oil.  It,  therefore,  so  far  can  not  be  done  without 
in  air-cooled  engines.  For  water-cooled  engines  one  of  the  two  min- 
eral oils  mentioned  was  always  satisfactory  during  the  competition. 

The  most  simple  system  of  oil  distribution  is  the  so-called  splash 
system  (very  imperfect).  The  fresh  oil  supplied  from  outside  or  the 
storage  oil  collecting  in  the  crank  case  is  whirled  around  by  tibie  rotat- 
ing and  reciprocating  parts  and  is  thus  intended  to  get  to  the  proper 
1)laces.  This  means  tnat  considerable  excess  of  oil  is  required:  the 
osses  are  considerable.  Engines  lubricated  in  this  way  usually  have 
a  smoky  exhaust. 

More  advantageously  the  oil  is  positively  conducted  by  a  distrib- 
uting line  to  the  fixed  bearings,  and  from  there  as  far  as  possible 
without  loss  conducted  to  the  connecting  rod  ends  and  to  tne  rub- 
bing surface  of  l^e  piston.  ^  This  is  best  effected  bv  full  oil  throw 
rings  on  the  crank  and  a  pipe  connection  between  tne  ends  of  each 
connecting  rod.  In  some  cases  the  oil  throw  rings  are  only  partially 
executed  and  are  partially  replaced  by  turned  grooves  in  the  side 
of  the  crank.  These  catch  the  oil,  which,  after  leaving  the  bearings, 
runs  along  the  side  of  the  crank. 

In  other  cases  the  oil  conducted  to  the  crank  bearing  is  forced  into 
the  interior  of  the  crank  shaft  and  from  there  under  the  influence  of 
centrifugal  force  runs  to  the  connecting  rod  ends.  On  the  way  into 
the  shaft  it  has  to  overcome  centrifugal  force.  That  requires  very  neat 
bearings  and  at  times  high  oil  pressures.  Piston  force  pumps  m  this 
case  are  to  be  preferred  to  gear  pumps.  The  positive  supply  to  the 
wrist  pins  permits  the  most  complete  utilization  of  the  oil.  The 
lubricating  oil  consumption  is  reduced  and  a  supply  for  several  hours 
may  be  provided  in  the  moderately  enlarged  crank  case.  U  the 
crank  case  should  be  too  small,  a  pump  for  fresh  oil  has  to  replenish 
the  supply  from  without.  The  fresh-oil  pump  may  either  discharge 
into  the  circulation  line  or  may  feed  a  special  distribution  net,  sep- 
arated from  the  closed-circuit  Ime.  This,  however,  is  hardly  advan- 
tageous, since  the  required  small  make-up  of  fresh  oil,  should  the 
closed  circuit  fail,  does  not  suffice  to  keep  the  en^e  running  for 
any  length  of  time.  Special  attention  must  be  given  to  the  fact 
that  the  oil  in  cold  weather  becomes  so  thick  in  exposed  pipes  that 
a  dangerous  lack  of  oil  will  be  the  result  and  the  bearings  will  melt. 

The  circulating  oil  becomes  polluted  by  metal  dust  and  deposits 
of  combustion.    Small  particles,  however,  do  not  matter;    taiger 
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ones  may  be  kept  away  from  the  pmnp  by  brass  screens.  In  the 
engmes  tested  these  screens  were  not  always  well  accessible.  From 
the  fine  carbon  particles  which  the  circulating  oil  carries  with  it  after 
a  certain  length  of  time,  the  bearing  metal  receives  a  grayish  look, 
but  ita  durability  is  thereby  increased. 

The  oil  pump  is  connected  by  a  short  suction  line  with  a  point  of 
die  case  located  so  low  that  in  all  inclined  positions  of  the  engine  it 
is  covered  by  oiL  The  lubricating  oil,  which  is  very  thick  at  low 
temperatures,  renders  the  design  of  the  oil  nump  very  important. 
All  automatically  operated  parts,  such  as  valves  with  springs,  and 
such,  easily  fail,  and  therefore  are  to  be  avoided.  , 

Put  2  (b).-^£NEBAL  ARRANGEMENT,  FORM,  PROPORTIONS,  AND  MATE- 
RIALS  OF  AERO  PARTS— POWER-WEIGHT  RATIO,  RELIA- 
BILITY, AND  ADAPTABILFTY. 

If  in  every  cylinder  the  same  mean  effective  pressure  were  obtained, 
and  if  all  cylinders  weighed  the  same  number  of  potmds  per  cubic  foot 
of  displacement  per  stroke,  including  their  attached  valves,  rods, 
pistons,  wrist  pins,  and  connecting  rods,  then  the  weight  per  horse- 
power of  engine  at  the  same  engine  speed  would  depend  on  the  frame 
and  shaft  weights  per  cylinder  which  is  a  result  of  the  general  arrange- 
ment. If  at  the  same  time  the  thermal  efficiency  of  all  engines  were 
the  same,  the  added  weight  of  fuel  and  tanks  per  horsepower  would 
be  the  same  for  all.  Differences  in  weight  per  horsepower  of  engine 
proper  and  of  engine,  oil,  fuel,  radiator,  and  tanks  taken  together 
are  considerable,  the  heaviest  oein^  more  than  twice  the  weight  of 
the  lightest  even  for  short  runs,  and  the  excess  is  more  than  this  for 
the  longer  runs.  The  basic  causes  for  such  differences  can  be  reached 
only  by  analysis  alon^  these  lines,  and  such  analysis  will  indicate 
that  as  many  of  the  dements  of  actual  difference  are  accidental  or 
incidental  as  are  essential  or  inherent  in  arrangement,  form,  pro- 
portions, or  material. 

The  influence  of  arrangement  to  be  first  examined  is  in  some  cases 
quite  clear  and  in  others  complex.  Where,  for  example,  arrangement 
of  cylinders  in  number  and  position  has  no  effect  on  the  limiting 
speed,  on  the  mean  effective  pressure,  on  thermal  efficiency,  or  on  the 
weight  of  cylinders  complete  per  cubic  foot  of  displacement  per  stroke, 
then  the  effects  of  arrangement  are  clear,  oualitatively.  The  con- 
trary is  the  case  when  a  given  arrangement  tnat  gives  reduced  frame 
and  shaft  weight  per  cylinder  as  compared  with  another  also  requires 
heavier  cylinders,  or  is  limited  to  a  lower  speed,  or  is  incapable  of 
any  but  a  low  mean  effective  pressure,  for  here  the  result  depends  on 
the  degree  to  which  one  factor  compensates  another.  « 

Differences  in  arrangement  are  more  bold  and  numerous  in  aero 
engines  than  in  airf  other  class,  and  some  of  them  are  cjuite  unique, 
yet  with  these  tnitj  remarkable  differences  that  are  quickly  grasped 
W  a  reference  to  the  illustrations  in  the  appendix,  the  surprising 
thing  is  not  that  the  weight  per  horsepower  varies  considerably  with 
arrangement  but  that  it  aoes  not  vary  even  more.  This  is  an  indirect 
proof  of  the  existence  of  these  compensating  factors,  and  shows  that 
arrangement  has  not  as  ^eat  an  effect  on  weight  per  horsepower  as 
might  at  first  be  expected.  ^  Air  cooling  versus  water  cooling  is  a  fair 
illustration  of  this,  lor  elimination  of  jacket,  radiator,  and  pipe  metal 
and  of  water  reduces  weight,  of  course,  but  the  result  is  usually  a 
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lower  mean  effective  pressure  and  thermal  efficiency.  Again,  the 
rotating  cylinder  air  cooled  as  compared  with  the  fixed  cylinder, 
while  enmmating  fans  and  rib  casings,  adds  a  windage  jpower  require- 
ment, must  have  steel  cylinders  to  avoid  the  uncertamty  of  casting 
sounoness  in  resisting  the  great  centrifugal  forces,  and  so  must  use 
excessive  quantities  of  oil,  which  has  to  be  carried. 

Ignoring  for  the  present  those  compensating  differences  and  con- 
centrating attention  on  the  effects  of  arrangement  alone,  it  is  clear 
that  two  similar  cylinders  set  side  by  side,  each  developing  the  same 
power  and  of  equal  thermal  efficiency,  will  not  re€[mre  shaft  and 
frame  weights  twice  as  great  as  one.  Adding  a  third  is  eqmvalent  to 
placing  between  the  frame  and  shaft  ends  an  intermediate  piece 
without  ends,  and  hence  of  less  weight,  but  each  cyhnder  added!,  be- 
ginning with  the  fourth,  adds  exactly  the  same  frame  and  shaft 
weight  as  the  third,  and  ther^ore  has  very  little  influence  on  weight 
per  horsepower,  unless  other  modifications  are  introduced,  such  as 
casting  two  cylinders  en  bloc,  removing  main  bearings  between  alter- 
nate cranks,  and  thickening  of  frame  and  crank  shaft  to  meet  the 
stresses  introduced  by  increased  lengths.  Therefore  multiplication 
of  similar  cylinders  along  one  Ime  reduces  weight  per  horsepower  fast 
at  first,  and  beginning  with  four  rapidly  less,  and  beyond  a  certain 
number  of  cylinders  the  weight  reduction  is  more  or  less  equalized  or 
overbalanced  by  the  necessity  for  greater  metal  cross^sections  per  foot 
of  length  in  shaft  and  frame.  To  illustrate  the  point,  a  eiven  style 
of  boat  engine  having  the  same  cylinder  on  engines  of  one,  two, 
three,  four,  and  six  c;^under3  in  line  is  selected,  as  no  other  class  of 
engine  covers  such  a  wide  range  of  number  of  identical  cylinders.  For 
one  size  of  cylinder  the  single-cylinder  engine  weighs  472  pounds,  and 
the  two-cylinder  engine  626  pounds,  the  second  cyhnder  having  added 
154  poimds,  or  33  percent.    The  third  three-cylinder  engine  weighs?  16 

Sounds,  so  that  tne  third  cylinder  has  added  90  poimds,  and  each  ad- 
itionai  cylinder  also  adds  tne  same  90  potmds  up  to  six,  the  weight  of 
which  is  therefore  that  of  the  two-cylinaer  engine.  626  pounds,  as  these 
are  retained  for  ends,  together  with  the  weight  oi  four  cylinders  of  90 
pounds  each  between,  or  360  +  626 = 986  pounds.  The  corresponding 
weights  per  horsepower  have  the  foUowmg  relation,  taking  that  for 
one-cylinder  engine  as  unity,  the  numbers  representing  1,  2,  3,  4, 
and  6,  respectively,  are  1,  0.52,  0.40,  0.335,  0.274.  The  fact  that 
each  intermediate  cylinder  has  added  exactly  the  same  weight  in  this 
engine  indicates  that  shaft  and  frame  weights  per  foot  nave  also 
remained  constant,  but  in  some  cases,  and  propeny,  these  are  made 
heavier  in  passing,  for  example,  from  tour  to  six  cylmders,  so  that  the 
small  reduction  m  weight  per  horsepower  above  6  per  cent  of  the 
weijght  of  the  single-cylinaer  engine  is  lost  entirely,  and  the  six- 
cylmder  woidd  be  no  lighter  than  the  four  per  horsepower. 

Further  weight  reduction  by  arrangement  alone  is  available  with 
midtipUcation  of  similar  cylmders,  not  in  line  axially  in  a  plane 
passing  through  and  including  the  shaft,  but  radially  about  the  shaft 
m  a  plane  at  right  angles  to  it.  Two  cylinders  with  axes  in  line  and 
with  connecting  rods  worldng  on  one  crank  pin,  constituting  the  tw'o- 
cvlinder  opposed  engine,  or  two  cylinders  with  axes  at  right  angles 
also  working  on  one  crank  constituting  the  right-angled  V  engine, 
add  no  frame  weight  for  the  second  cyUnder  over  what  the  first 
requires.    It  really  reduces  it  by  the  metal  required  to  cover  the  bore 
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hole,  except  for  some  thickening  at  the  jointB.  Nothing  at  all  is 
Added  to  uie  shaft  weight  except  when  the  crank  pin  is  made  longer, 
as  is  rarely  the  case.  This  arrangement  gives  a  greater  gain  in 
weijght  per  norsepower  than  two  cylinders  in  ime,  but  when  the  second 

Slmder  is  added  radially  in  another  plane  and  has  its  own  crank  it 
ould  result  in  a  weight  exactly  the  same'  as  for  two  in  line,  because 
the  difference  is  merdy  one  of  rotating  one  cylinder  with  reference 
to  the  other,  retaining  the  same  metal  mroughout. 

These  are  the  two  iimdamental  arrangements  of  multicylindering 
for  the  standard  piston-connecting  rod-crank  engine,  and  so  long  as  the 
cylinders  remain  fixed  there  is  no  reason  why  each  cylinder  in  any  com- 
bmation  should  not  wei^  the  same  and  give  the  same  mean  enectiye 
pressure  or  thermal  efficiency  as  any  other.  In  this  case  the  weight 
per  horsepower  of  engine  and  plant  is  less  the  more  the  cylinders  are 
multiplied  and  the  more  the  multiplication  takes  place  radially  around 
one  crank  rather  than  with  separate  cranks,  up  to  the  point  where  the 
shaft  and  frame  thickeniog  must  be  so  great  as  to  compensate  for 
reductions,  which  begins  to  oe  appreciable  at  four  cranks  and  is  yery 
marked  at  six,  except  as  other  details  may  modify  the  result. 

Fixed-cylinder  multiphcation  radially  about  one  crank  presents 
no  objectionable  features  until  the  cylinders  become  inclined  differ- 
ently to  the  normal  horizontal  plane,  when  there  enter  lubrication 
dif&culties  on  OTlinder-piston  surfaces,  especially  when  cylinder 
heads  are  lower  man  the  crank  shaft.  The  tendency  for  oil  to  work 
past  the  piston  into  the  combustion  chamber,  fouling  spark  plugs 
or  carbonizing  the  interior  and  requiring  more  oil  to  keep  the  surface 
properly  wetted,  is  strong  enough  when  the  head  is  directly  aboye  the 
shaft,  but  is  stronger  when  it  is  lower,  and  doubly  so  when  the  head  is 
directly  below.  This  has  preyented  the  general  adoption  of  any 
radial  arrangement  about  one  crank  beyond  the  horizontal  opposed 
and  the  90°  to  45°  V,  set  with  equal  angles  to  the  horizontal.  Any 
more  than  two  radial  cylinders  compose  unequal  angles  and  inyolye 
different  tendencies  to  oil  flow  toward  heads  in  each,  do  while  multi- 
phcation in  this  direction  promises  greater  weight  reduction  than  in 
line  with  a  crank  to  each  cylinder,  the  latter  has  been  carried  farther 
in  point  of  general  adoption. 

The  four  and  six  cyBnders,  each  with  its  own  crank,  are  standard, 
and  doubling  the  rows  of  cylinder  axes  in  line  without  changing  the 
cranks  giyes  the  8  and  12  cylinder  opposed,  the  former  used  a  uttle, 
the  latter  not  at  aU.  It  also  giyes,  when  axes  are  inclined,  the  8- 
cylinder  V,  a  much  used  standard,  and  the  12-cylinder  V,  but  little 
nsed  so  far^  but  i>ossessing  adyantages  that  are  promising. 

Radial  disposition  of  fixed  cylinders  which  should  giye  the  greatest 
possible  weignt  reduction  in  frame  and  shaft  has  a  few  representations, 
notably  the  air-cooled  Anzani,  which  uses  three  or  fiye  cylinders  in 
one  plane  on  one  crank  and  then  dupUcates  on  successiye  cranks 
untilthe  200-horsepower  engine  is  reached,  which  has  20  cylinders  in 
four  planes  of  fiye  stars  each,  and  fiye  cranks.  It  is  the  operation  of 
this  and  similar  engines  and  of  the  bold  departure  of  the  German 
Daimler  inyerted  cylinders  (Bendeman  report),  with  heads  directly 
under  cranks,  which  makes  it  doubtful  that  the  old  conclusion  that 
such  arrangements  must  lead  to  fouling  is  really  yalid.  Tins  latter 
engine  did  not  foul  in  the  competition,  and  it  will  be  worth  watching 
in  service  to  see  if  it  continues  to  keep  as  clean  as  do  cylinders  with 
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heads  above  cranks,  and  not  to  require  excessive  amounts  of  oil  to 
make  up  for  ^vitational  cylinder  wall  drainage.  If  this  should 
work  at  all  rignt,  this  arrangement  offers  further  opportxmities  for 
weight  reduction  over  the  now  standard  multicrank  form. 

Even  here,  however,  there  is  a  limit  to  the  number  of  cylinders  that 
can  be  radially  placed  about  one  crank,  a  limit  imposed  by  their 
intersections,  and  while  the  rotating  Gnome  uses  a  maximum  of  nine 
and  a  minimum  of  five,  the  fixed  Anzani  uses  three  or  five,  llie 
Anzani  figures  for  two  sets  of  three  are  50  horsepower  and  200  poimds, 
or  4  pounds  per  horsepower,  and  for  two  sets  of  five  100  horsepower 
and  330  pounds,  or  3.3  pounds  per  horsepower,  the  reduction  of  0.7 
poujids  per  horsepower,  or  17i  per  cent,  being  the  effect  of  usins  five 
mstead  of  three  per  star,  all  cylinders  being  of  same  size.  Simuarly 
the  effect  of  doubling  the  numoer  of  rows  is  shown  by  comparing  the 
10-cylinder  100-horsepower  with  the  20-cylinder  200-horsepower, 
both  having  sets  of  five,  the  former  two  sets  and  the  latter  four  sets, 
.The  former  weighs  363  pounds,  and  the  latter  682  pounds,  the  differ- 
ence of  310  pounds  being  the  weight  added  to  the  first  10  cylinders, 
which  themselves  weigh  363  pounds,  and  showing  nearly  proportionate 
addition  of  weight  per  crank  addea,  the  actual  addition  bemg  88  per 
cent.  The  gain  is  oi  course  greater  in  passing  from  a  one  cranK  star  to 
a  two  than  from  two  to  four  cranks,  as  might  be  expected  from  the  study 
.  of  cylinders  in  hne.  This  is  shown  by  the  figures  for  the  3-cylinder, 
30-horsepower,  121  pounds,  compared  to  6  cylinders  (two  sets  of 
3  50-55  horsepower,  200  pounds),  the  second  row  adding  79  pounds 
to  the  first  121  pounds,  which  is  only  65  per  cent,  as  compared  with  88 
per  cent  when  two  rows  are  added  to  two  to  make  four. 

Increase  of  cylinders  radially  about  a  crank  always  reduces  weight, 
but  the  weight  reduction  is  most  when  the  frame  and  shaft  weight  is 
large  in  proportion  to  cylinder  wei^t,  and  least  otherwise.  Ideally 
the  weight  reduction  by  midtipUcation  of  cylinders  would  be  zero  if 
the  shaft  and  frame  weighed  nothing.  This  is  clearly  shown  by  the 
fibres  given  by  Winkler  in  Table  Vll  for  the  proportionate  weight 
of  the  various  parts  of  fixed  auto  type  and  rotating  radial  cylinder 
engines.  To  these  fibres  are  added  some  poimd  vames  for  the  parts 
computed  from  Winlder's  fractional  weights  and  assumed  typical 
total  weights. 

Table  VII. 

(Note.— The  table  Is  based  on  Winkler's  figures  for  wel^t  distrfbotlan  !n  different  types  of  engines.  The 
first  three  engines  are  of  the  fixed  cylinder  in  line  type;  the  last  b  an  ordinary  Gnome  engine.  The  total 
weights  havebeen  assumed.] 


100  horsepower  4- 
cylinder  engine. 


55-60  horsepower  4- 
cylinder  engine. 


150  horsepower  6* 
cylinder  engine. 


Crank  case,  complete 

Cylinders 

Pistons 

Connecthiig  rods 

Crank  shaft 

Cam  shaft 

Valve  rods,  etc 

Valves,  springs,  etc 

Pump,  including  connections 

Carbureter,  throttle,  etc 

Magneto,  etc 

Oilmgsy^m 

Rest  ..•••....... • 

Total.... 


Percent. 

23.75 

26.00 

5.75 

6.50 

15.00 

8.25 

5.50 

3.25 

1.50 

.50 

7.50 

.60 

1.00 


Poundt. 

05.00 

lOi.00 

23.00 

26.00 

60.00 

18.00 

22.00 

13.00 

6.00 

2.00 

30.00 

'      2.00 

4.00 


Percent. 
19.00 
80.00 
S.50 
5.00 
14.50 
2.00 
4.50 
2.00 
2.75 
1.60 
7.00 
1.25 
2.00 


100.00        400.00        100.00 


Pound», 
49.40 
78.00 
22.10 
18.00 
87.  TO 
6.20 
11.70 
5.20 
7.15 
8.90 
18.20 
8.26 
6.20 


Percent. 
23.00 


7.00 
9.00 
18.00 
2.00 
4.50 
8.50 
1.50 
.50 
6.50 


1.00 


280.00        UNKOO 


Pounit, 
128.  fX> 
15&80 
3&60 
48.50 
7L60 
U.0O 
34.75 
10.25 
8.25 
2.75 
85.75 


6.60 


6saoo 
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Otnkease 

Cylindera 

PtoUms 

CooiifictJxigrods 

(^wikBhart 

Gun  shaft  and  driye 
OBotshatt  casings. . . 
Tappets  and  rods... 


Rotating-cy  Under 
engine. 


7  cylin- 
ders. 


Percent. 

ao.oo 

27.50 
7.00 
,  6.00 
8.00 
2.00 
3.75 
4.00 


50  horse- 
power. 


Pounds. 
80.00 
4L25 
10.60 
0.00 
12.00 
8.00 
5.625 
6.00 


Magneto 

Oiling  mechanism 

Carbonter,  including  throttle, 

Frame 

Rest 

Total 


Rotatlng-eyllnder 
engine. 


7  cylin- 
ders. 


Percent. 
7.60 
2.50 
1.25 
0.50 
1.00 


100.00 


50  horse- 
power. 


Poundt. 

11.25 

#  3.75 

1.875 

14.25 

1.50 


150.00 


These  figures  are  most  interesting,  but  must  be  used  with  consid- 
erable caution,  as  the  Winkler  fractions  are  general  averages  and 
when  applied  to  a  given  engine  may  ^ve  pound  values  that  are 
somewhat  in  error.  One  instance  of  this  appears  in  the  value  ob- 
tained for  the  magneto  in  pounds  by  applymg  the  general  average 
fraction  to  a  given  overall  engine  weight  and  vmich  works  out  in  the 
table  as  35  pounds  for  one  ana  18  for  another.  While  of  course  there 
really  may  be  this  difference,  it  is  not  fundamental  nor  is  there  any 
acceptance  of  its  accuracy.  The  really  valuable  parts  of  the  table 
are  those  items  for  the  pnncipal  parts,  such  as  cyUnders.  crank  case, 
pistons,  and  shafts. 

Radial  disposition  of  cylinders  does  not  suffer  from  inequality  of 
oil  flow  to  combustion  chambers  only  when  cylinders  and  frames  are 
rotated  about  the  crank  shaft,  but  here  the  tendency  toward  head- 
flow  is  increased  by  the  centrifugal  force  on  the  oil,  which  is  far 
greater  than  pure  gravitation  and  which  apparently  is  at  least  a  con- 
tributing factor  to  very  high  oil  consumption  of  these  engines  and 
their  qmck  carbonization.  It  may  be  that  this  is  more  an  effect  of 
the  use  of  steel  and  of  high  wWl  temperatures  than  of  centrifugal 
flow,  as  such  engines  are  always  air  cooled  by  reason  of  the  difficulty 
of  making  moving  water  joints  and  of  controlling  water  flow  witn 
the  centrifugal  forces  acting  in  jackets  and  pipes,  but  everything 
points  the  other  way.  Inverted  cyUnders  having  head  flow  tenden- 
cies between  these  rotating  cylinder  engines  and  the  normal  vertical 
must  be  accepted  with  great  caution  at  present,  though  there  is  at 

5 resent  no  data  that  warrant  a  conclusion.  Complete  radial  star 
isposition  of  rotating  cylinders  gives  the  smallest  possible  frame 
ana  crank  weight  per  cylinder,  but  it  is  not  possible  to  use  some  of 
the  cylinder  constructions  ana  materials  that  are  perfectly  feasible 
in  fixed  cylinders.  Centrifugal  forces  put  cylinders  and  connecting 
rods  imder  a  tension  stress  that  is  pretty  large  at  the  high  speeds 
used,  and  angular  velocity  changes  impose  cylinder-bending  stresses, 
due  not  only  to  their  own  overhang  but  also  to  the  pistons,  and 
these  stresses  are  additional  to  those  imposed  by  explosion  pressures. 
To^  reduce  these  special  centrifugal  stresses  to  a  minimum,  the 
weights  of  the  parts  must  be  the  very  least  possible,  and  this  is  to 
be  accomplished  by  the  use  of  an  assuredly  sound  and  high-tension 
metal,  such  as  one  of  the  steels."  These  engines,  then,  have  adopted 
sted  as  a  cylinder  material  not  so  much  from  cnoice  as  of  necessity, 
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and  the  fact  that  the  surfaces  could  be  lubricated  at  aU  has  acted  as 
an  incentive  to  its  substitution  for  the  old  standard  cylinder  material, 
cast  iron,  in  the  fixed  cyUnder  engines,  with  corresponding  weight 
reduction  per  cylinder  in  that  class.  The  effect  of  this  weight  re- 
duction must  not  be  exa^erated.  Steel  pistons,  for  instance,  are 
only  12  to  15  per  cent  lighter  than  cast-iron  ones,  smce  bottom  must 
not  be  too  thm  on  account  of  the  danger  of  burning  through.  Fur- 
thermore, pistons  weigh  only  about  7  per  cent  of  the  total  engine 
weight.    Greater  effects  are  possible  when  steel  cylinders  and  sheet 

1'ackets  are  substituted  for  cast  iron,  yet  even  here  the  gain  is  rather 
ess  than  might  be  expected,  because  of  the  heads,  and  the  substitu- 
tion is  warranted  more  on  grounds  of  assumed  soundness  of  forged 
rolled  or  drawn  steel  compared  with  cast-iron,  which  may  have  hidden 
defects  such  as  blow  holes,  cold  shorts^  or  bad  shrinkage  stresses. 

In  this  brief  review  of  the  effects  of  general  arrangement  of  cyUn- 
ders  and  cranks  on  the  weight  per  horsepower,  it  was  assumed  that 
other  factors  remained  fixed,  such,  for  example,  as  the  weight  of 
cylinders  per  cubic  foot  of  displacement  per  stroke.  Variations  in 
dfetails  of  construction  of  the  cylinder  complete  with  valves  and 
valve  drives,  pistons,  and  connecting  rods,  such  as  might  affect  this 
unit  weight,  are  not  only  pretty  numerous  and  cover  a  considerable 
range,  but  taken  in  conjunction  with  the  corresponding  variations  of 
material,  the  resulting  unit  weights  of  the  complete  cylinders  follow 
no  simple  law.  A  tjrpe  construction  of  few  parts  that  would  tend  to 
lightness  may  employ  a  heavier  material  that  equalizes  the  weight. 
A  somewhat  more  comj)Ucated  or  essentially  heavier  construction 
will  often  be  found  associated  with  a  lighter  material,  producing  the 
same  residt  and  unit  weight.  The  combination  of  lighter  construc- 
tion and  material  together,  cooperating  to  produce  low  unit  weight, 
is  iflso  found,  but  umortunately  this  is  usually  offset  by  lower  mean 
effective  pressure  and  efficiency  or  by  a  less  favorable  general 
arrangement. 

The  object  sought  is  the  lightest  combination  of  form  and  material 
for  cyUnaers,  pistons,  and  meir  accessories  consistent  with  proper 
values  of  the  other  factors  that  contribute  in  the  same  direction  to 
a  higher  horsepower  per  potmd  of  total  weight. 

It  seems  pretty  clear  tnat  designers  and  mventors  of  aero  engines 
have  started  with  some  favorite  general  arrangements  of  cylinaers, 
cranks,  and  frames  and  then  have  selected  detail  part  forms  and  such 
material  for  cyUnders  and  pistons  as  was  either  essential,  as  in  the 
rotating  cylinder  engines,  or  as  would  bring  the  net  result  into  suc- 
cessful competition  with  previous  engines.  To  put  it  otherwise, 
there  is  no  combination  of  the  various  factors  that  contribute  to  a 
low  weight  per  horsepower  ratio  involving  the  most  favorable  value 
of  each  factor.  This  would  require  the  largest  number  of  cylinders 
that  could  be  disposed  radially  about  one  crank,  followed  by  further 
extension  in  line  on  other  cranks,  as  to  general  cylinders-frame-crank 
arrangement.  It  would  ako  require  the  use  of  the  simplest  pisten, 
cylinaer,  valve,  and  connecting  rod  construction,  all  of  steel,  operat- 
ing at  the  highest  speed,  and  processes,  and  producing  the  highest 
mean  effective  pressure  and  the  lowest  fuel  and  lubricating  oil 
consumption.  Such  a  combination  has  so  far  been  impossible  and  is 
mentioned  here  to  accentuate  the  position  of  the  factor  at  present 
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under  consideration,  that  of  weight  per  cubic  foot  of  displacement 
per  stroke  of  cylinders,  including  all  attached  parts* 

Lightness  of  metal  parts  may  be  secured  by  the  use  of  large  volume 
of  low  density  matenal  of  low  stress  resistance  such  as  aluminum  or 
by  a  small  volume  of  metal  having  high  stress  resistance  but  of 
^eater  density,  such  as  steel,  or  some  compromise,  such  as  cast 
uxm.  If  the  material  were  required  to  perform  the  stress  resistance 
function  alone,  the  modern  steels  which  can  be  counted  on  for 
upward  of  175,000  pounds  per  square  inch  elastic  limit  and  some 
15  per  cent  elongation  with  an  ultimate  tensile  strength  approach- 
ing 200,000  i>ound3  per  square  inch,  are  so  superior  that  notmng  else 
could  be  considered.  That  other  materials  are  used  at  all  is  due  to 
the  fact  that  the  material  of  some  parts  must  have  other  properties, 
each  contributing  to  a  different  function  than  that  of  stress  resist- 
ance. Piston  and  cylinder  material  must  have  good  conductivity, 
especially  the  former.  Pistons  and  exhaust  valves  especiaUy,  b€t 
to  some  extent  the  whole  combustion  chamber,  must  resist  oxidation 
under  high  temperatures  and  water  jackets  must  resist  hot  water 
corrosion.  All  heated  parts  should  liave  the  lowest  possible  coeffi- 
cient of  expansion  to  minimize  the  thermal  stresses  of  imequal 
heating,  and  the  expansion  characteristics  of  cylinder  material  with 
reference  to  that  of  the  piston  should  be  such  as  to  oppose  seizing 
on  heating.  The  piston  must  heat  more  than  the  cylinder,  so  cylin- 
der matenal  should  have  a  higher  thermal  coefficient  of  expansion 
than  piston  material,  though  in  small  cylinders  with  proper  clear- 
ance the  same  material  will  serve  but  never  should  piston  metal  have 
a  higher  coefficient  than  cylinder  metal.  Permanent  distortion  of 
met^  under  the  heating  conditions  of  operation  is  not  permissible 
in  cylinders,  heads,  valve  seats,  valves,  ana  pistons,  so  some  commer- 
cial alloys,  including  some  steels,  are  barred  on  this  account.  Finallv 
the  metal  of  these  two  parts,  cyUnder  and  piston,  should  have  sucn 
a  molecular  structure  as  will  lubricate  well,  cast  iron  on  cast  iron  is 
the  best,  cast  iron  on  steel  next  best,  and  steel  on  steel  the  worst 
combination,  neglecting  the  nonferrous  alloys  which  msLj  be  service- 
able though  they  are  as  yet  unknown  quantities.  This  is  not  an 
absolute  necessity  except  where  excessive  oil  consumption  is  more 
important  than  metal  weights.  Engines  intended  for  short  ffights, 
an  hour  or  so^  might  very  properly  have  piston-cylinder  materials 
that  imore  this,  compensation  oeing  secured  by  large  oil  consump- 
tion wnich  adds  little  weight.  But  Ions  ffights  will  add  enough  oil 
weight  to  more  than  offset  the  weight  reduction  obtained  by  making 
both  parts  of  steel,  as  compared  with  both  cast  iron,  or  one  of  each. 

About  every  combination  of  standard  ferrous  materials  forged, 
cast,  drawn,  and  rolled  for  the  heated  parts  that  could  be  producea 
has  been  tried,  and  is  even  now  in  use,  so  it  can  be  definiteiv  stated 
that  practice  in  ferrous  materials  is  not  vet  established,  which  means 
that  there  are  insufficient  data  at  hand  on  the  differences  in  their 
behavior  and  practically  none  on  the  nonferrous.  Here  is  a  field  fox 
investi^tion  that  is  of  most  fundamental  importance  practically 
imtoucmed  metallurgically,  and  solution  of  which  requires  scientific 
research  under  the  combmed  efforts  of  en^emen  famiUar  with  the 
requirements,  of  metallurgists  famiUar  with  alloy  production  and 
properties,  and  of  shopmen  familiar  with  the  processes  of  forming 
and  fitting. 
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No  metal  equal  to  cast  iron  on  cast  iron  has  ever  been  found  for 
the  pistons  and  cyUnders  of  intemal-<;ombustion  engines  in  all  the 
desired  properties  except  one,  that  of  metal  we^hts  for  a  given  size. 
Casting,  as  a  process  however,  is  most  uncertain;  the  known  defec- 
tives amount  to  almost  50  per  cent  while  the  unknown  possibiUties 
and  hidden  defects  are  responsible  for  large  factors  of  saf etv  and  the 
use  of  excess  metal.  This  excess  is  quite  prohibitive  and  fruitless 
in  rotating  cylinders  with  the  enormous  centrifugal  stresses  that 
come  from  speeds  exceeding  1,200  revolutions  per  minute,  because 
each  pound  excess  metal  adds  its  own  equivalent  centrifugal  stress 
and  so  fails  te  add  to  the  certainty  of  safety  as  in  fixed  cylinders. 
Excess  thickness  add3  to  the  resistance  to  heat  escape  through  cylin* 
der  walls.  It  was  in  these  rotating  cylinders  that  tne  first  departure 
from  the  older  internal-combustion  engine  practice  took  place,  from 
sheer  stress  resistance  requirements  regardless  of  other  properties. 
H&e  steel  cyUnder  machined  from  a  forged-steel  billet  was  developed 
by  the  French  rotating  cylinder  engine  builders,  and  with  cast-iron 
pistons  it  operates  successfully. 

Some  builders  of  fixed  cylinder  engines  encouraged  by  this  demon- 
stration adopted  steel  for  cylinders  with  cast-iron  pistons.  Even 
steel  pistons,  were  tried  and  in  some  cases  adopted  for  use  in  both 
steel  and  cast-iron  cylinders,  apparently  without  gain,  in  the  former 
case  because  of  increased  lubncation  requirements  and  in  the  latter 
from  reversed  expansion  coefficiente  or  permanent  distortion.  Some 
of  these  steel  fixed  cylinders  are  cast  with  heads  in  one  piece  and 
machined  all  over  to  disclose  defects,  but  in  other  cases  rolled  or 
forged  steel  cylinders  are  combined  with  cast-iron  heads  in  which 
ports  are  most  readily  formed.  The  most  radical  of  all  these  steps 
IS  undoubtedly  that  underteken  by  the  German  Daimler  Co.  in  con- 
structing cylinders,  heads,  ports,  valve  seats,  and  jackets,  all  of 
sheet  steel  welded  together  by  tne  modem  oxygen  flame  method. 
Only  experience  can  tell  how  successful  this  may  prove  in  practice, 
thou^  m  the  competition  teste  the  engine  gave  a  most  remarkable 
performance. 

At  the  present  time  the  only  data  bearing  on  the  question  are 
those  of  oil  consumption,  Table  VJil,  with  respect  to  materials. 
This  is  not  a  basic  Gmre  anyway,  and  is  complicated  by  variations 
in  oil  and  in  oil  appUcation  methods,  so  it  is  inconclusive  though 
interesting. 
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Tablb  Vlll.^OtZ  consumption  vargus  engine  type  and  eiflinder  pUton  nuUeridU. 


Cylinders  and 

Class  oonstniotlon. 

Materials. 

Engine  name. 

Antborfty. 

Ofl 

cooling. 

Cylinder. 

Piston. 

4oyUnder8inUiie.. 
0  cylinders  in  line.. 

SKjylinderV 

13^11nd«rV 

Radial  Star 

S-ovlinder  V 

Cast  iron . . 
...do 

Steel 

Cast  iron.. 

..do 

...do 

...do 

. .  .do 

Cast  iron.. 

...do 

..do 

Steel 

Cast  iron.. 

Steel 

...do 

...do 

Cast  iron.. 

-^o 

Steel 

...do 

lOO-horiepower 

Bent. 
100-horsepower 

Daimler. 
(KVhorsepower 

Austro-Dsimler... 
14(Khorso  power 

Sturtevant. 
IfiO-horsepower 

Sunbeam. 
32&.liorse  power 

Sunbeam. 
Salmson 

BfodeniBDn... 

0.042 
.031 

WaterKXwIed 
fixed    cylin- 
der. 

1 

Mnkfr   ...     .. 

.038 
.027 

do 

do 

do 

Walker,  1912.. 

do 

ICaknr.AT.of 

.046 

.08 
.054 

Air-cooled  fixed 

Renault 

BiltlihAnxani.... 

manOnome. 
10O.hor8epower 
German  Qnome. 

.046 

cylinder. 
Aimnoled    ro- 

XRsaialStar  

1  Radial  Star 

2RadialStar 

...do 

Steel 

...do 

.164 
.167 

tating  cylin- 
do-. 

do 

.167 

4  cylinders  in  line.. 
6 cylinders  in  line.. 

a«ylinderV 

Badialstar 

Cast  iron.. 
...do 

...do 

...do 

Ctotiron.. 
-^ 

Castittm!! 

...do 

...do 

71-horsepower 

Daimler. 
lOO-horsepower 

c^:. 

B 

.047 

WateiHXwled 

.067 

fixed    cylin- 
der. 

Maker 

Walker,  1912.. 
Lumet.. 

Hak«r     

.046 

Wolseley 

.041 

Akxxwled  fixed 

An«ui<,  . 

.265 

cylinder. 
AiiHXwled    ro- 

IRadialStar  

2Radial8tar 

Steel 

...do 

lOO-horse  power 
German  Gnome. 

20a-horsepo^er 
German  Gnome. 

.171 

tating  QTlin- 
der. 

do 

.171 

4cyUnderainline.. 
6 cylinders  in  line.. 

ScylinderV 

IRadialStar 

Cast  iron..    Cast  Iron.. 

100-horsepower 

Daimler. 
100-horsepower 

Muiag. 
Hall-Scott 

B 

.040 

WateiHXMled 
fixed    cylin- 

...do  

...do 

Steel 

...do 

-..do 

Steel 

.021 

der. 

Clark,  1912.... 
Loiaat 

.106 

Air-cooled    ro- 
tating cylin- 
der. 

1911-Gnome 

.212 

Water.€ooled 

4  cylinders  in  line. . 
6  cylinders  in  line.. 

IRadialStar 

cast  iron.. 
...do 

Steel 

Cast  iron.. 
...do...... 

Steel 

70-horsepower 

Daimler. 
9O-hor8epow0r 

Schroeder. 

1911  Gnome 

B 

.081 

ilxed    cylin- 
der. 

...............a 

.047 

AiiH»oled    ro- 
tating  cylin- 
der. 

Lumet 

.258 

WatemxMled 

4  cylinders  in  line.. 
0 {flinders  in  line.. 

IRadialStar. 

Cast  iron.. 
...do 

Steel 

Cast  Iron.. 
...do 

Steel 

0(Mi  one  power 

Daimler. 
126-horsepower 

HaU-aoott. 

1913  Gnome 

B 

.020 

fixed    cylin- 
der. 

U.W 

.080 

Air-cooled   ro- 
tating cylin- 
der. 

LmM 

.266 

Watercooled 

4  cylinders  in  lina.. 
0  (flinders  in  line.. 

IRadialStar 

Oast  iron.. 
...do 

Steel 

Cast  Iron.. 
...do 

Steel 

(Ofr-horsepower 
87-hor8epower 
I   Bens. 

Gyro,  1911 

B 

.060 

fixed    oylin- 

MakM* 

.022 

Air-cooled   ro- 
uting (blin- 
der. 

aark 

.017 
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Tablb  VIII.— tOij  eontumption  verma  engine  type  and  cylinder  piiion  maUridU — 

Continued. 


Cylfnden  and 

Class  ouustniotlon. 

Ifaterials. 

TCnglnit  twiniA. 

AuOuxOy, 

Oif 

H. 

OOOlllg. 

Cyllndar. 

Piston. 

Watemsooled 

4  cylinders  in  line.. 
0 cylinders  in  line.. 

Cast-iron.. 
...do 

Cast  iron.. 
...do 

lOO-horse  power 

N.A.O. 
100>li  or  se  power 

Cheno.     •> 

B 

0.018 

fixed    cylin- 
der. 

Qaik 

.001 

Water-oooled 
fixed    cylin- 

4oyllnd«sinUne.. 

••.do 

...do 

95-liorsepower 
N.  A.  O. 

B 

.000 

der. 

Water-oooled 
fixed    cylin- 
der. 

4cyUndecsinline.. 

...do 

...do 

96-horsepower 
Argus. 

B 

.080 

Water-oooled 
fixed    cylin- 
der. 

froylinderV 

12HsyllnderV 

Radial  Star 

Oast  iron.. 

...do 

...do 

Steel 

...do 

...do 

1911   Labor-Avia- 
tion. 

miAviatic 

Qreen 

Lnmst 

.....do.. •••■•. 
Ctoric 

.078 
.OM 

There  appears  to  be  some  relation  between  oil  consumption  and 
cylinder  arrangement,  but  not  so  with  reference  to  piston  versus  cyl- 
inder materials.  For  example,  radial  cylinders  seem  to  require  much 
more  oil  than  vertical  cylinders,  but  there  is  no  conclusive  evidence 
that  air-ceoled  cylinders  require  more  than  those  that  bt^  water 
cooled.  Again,  comparing  the  three  Daimler  engines  as  to  oil  versus 
materials,  it  appears  that  there  is  no  appreciable  difference  between 
cast  iron  and  steel  cylinders,  cast  iron  and  steel  pistons,  tiiough  such 
a  serious  conclusion  should  not  finally  rest  upon  a  single  instance 
like  this. 

An  effort  to  retain  the  low  metal  weight  characteristics  of  steel 
and  to  meet  lubrication  requirements,  that  is  worthy  of  note,  ih- 
volves  the  use  of  liners  for  cylmders  and  of  sleeves,  or  even  a  separate 
barrel  for  pistons,  made  of  a  material  such  as  cast  iron  or  bronze  hav- 
ing a  good  lubricating  surface.  This  is  not  only  objectionable  as 
complicating  tiie  thermal  and  total  stresses,  increasing  thermal  re- 
sistance of  cylinders,  and  adding  something  to  weight  removed  but 
it  now  seems  to  be  unnecessary. 

At  present  the  standard  material  for  fixed  cylinders  is  unquestion- 
ably cast  iron  with  heads  in  one  piece,  and  with  cast-iron  pistons. 
There  is,  however,  a  growing  tendency  to  use  tube  steel  for  cylinders. 
This  steel  cylinder  involves  a  head  comphcation  in.  shop  practice, 
solution  of  which  is  now  in  course  of  development.  Heads  must  have 
irregular  forms  due  to  ports  and  valve  stem  guides,  which  are  most 
easuy  and  satisfactorily  cast.  Such  a  cast  head  requires  a  joint  to 
connect  it  to  a  drawn-steel  cylinder.  As  alternatives  the  following 
are  used,  cast-steel  cylinders  with  heads  in  one  piece  and  cylinder 
and  head  machined  from  a  forged  billet  or  fiinally  the  complete  sheet 
metal  welded  Daimler  constructioh. 

Steel  is  the  adopted  standard  material  for  connecting  rods  and 
crank  shafts  and  always  is  a  very  high  tension  alloy  sucn  as  nickel 
or  chrome  nickdi,  which  permits  these  parts  to  be  very  small  and 
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light  while  amply  strong  and  stiff.  Crank  case  or  frame  material  is 
still  unsettled,  ranging  from  the  forged  steel  case  of  the  rotating 
cyhnder  engine  through  cast  steel,  cast  iron,  and  aluminum,  with 
.  the  last  prevailing  in  fixed  cylinder  engines.  No  successful  attempt 
is  yet  on  record,  to  use  welded  or  riveted  sheets  and  standard  struc- 
tural steel  shapes  in  tlie  long  frames  and  crank  cases  of  fixed  cylin- 
der multicrank  engines,  where  frame  weight  per  cylinder  is  a  matter 
of  considerable  importance.  It  would  seem  as  if  stiffness  or  its 
equivalent  uniformity  of  distortion  can  better  be  served  with  less 
weight  b;^  such  structural  steel  construction  than  hj  the  soft  alumi- 
num casting.  To  give  a  general  survey  of  the  practice  in  materials, 
Table  IX  is  added. 

25302*— S.  Doc.  268, 64r-l ^18 
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Table  IX.—MaUnaii 


Engine  or  makan' 


Cylinder  and  onnk  arrangnineiit 
rotating  part. 


CooUig 
and* 


Hona- 


Niiiii- 
tMrof 
orlin* 
d«a. 


R.p.] 


HaD-Soott. 


Vertioa]  fizad  separate. 
do 


Water,  C.  P., 
....do 


nrederlokBon,  Ikiycle 
Startevant 


Austio-Daimler. 


Le  Rhone , 

British  Annmi. 


Ranaenxergtf. 


Argyll.. 
WHght. 


Stortevant. 
CuriisB , 


C9iena. 


Clergat. 


Do 

DeDianBoaton. 


Edelweifls. 


Laviator 

Panhard-LeyasMfT. . 


Wdlaeley.. 
Qroon...*! 


Cylinders,  rotatfaig  shaft,  statioiiary. 
V-type,  Lhead,  cast  in  pairs 


V-type,  L  head,  en  bloo. 


Vertioal  fixed  separate. 


Rotating  oyUnders,  shaft  stationary, 
Macedstar 


V-type,  sepaiato  oyUnders,  valves 

Vertioal  fixed,  sleeve  valves,  sepa- 
rate ovlinders. 
erticaf  fixed,  sep 
heads  screwed  in. 


rate  ovlinders. 
Verti(»]  fixed,  separate  cylinders, 


Vertioal  fixed  oylfaxders  eo  bloc,  T 
head,  4  valves  per  cylinder. 

V-type,'separate  cylindecs,  L  head, 
4  valves  per  cylinder. 

rertloal  fixed  cylinders  in  pairs, 
Thead. 

ror  vertical  fixed  separate  cylin- 
ders, valves  in  head. 

/Rotary  cylinders,  valves  in  head, 
\   mechanically  operated, 
v-type,  separate  cylinders,  L  head.. 


/Radial  star,  fixed  pistons,  reoipro- 
\   eating  cylinders. 

/V-type,  separate  cyUnders,  valves  in 
\   head.  - 

V-type,  cylinders  eo  bloo,  L  head . . . 

Fixedstar,  valvesinhead 


rv-t3npe  separate  cylinders,  valves  in 


head. 


Vertical  fixed,  separate  cylinders, 
valvesinhead. 


Air 

Water,  C.  P. 


.do. 
.do. 


Air. 


....do. 
Water. 


....do 

Water,  C.  P.. 


.do. 


* do. 

Air.... 


-do. 


^....do. 
^Water.. 


.do. 


.do. 


108 
160 
135 


Water 

....do , 


/Combination 
Water 


140 


ISO 
225 


r     w 

[     120 

f       W 
L     160 

2&-300 

ISO 


130 
60 


100 
300 


66 
00 
100 
860 
60 
100 
300 
60 
80 
80 

75 
135 


80 
130 

100 
90 
186 
900 
900 


83 
130 


100 


6 
6 

9 
18 

»-30 


13 


1,890 
1.360 
1,380 
1,300 


3,000 


}  3,000 

1,800 
1,300 

1,300 
1,160 

1,350 
1,300 


1,400 

3,000 
1,800 


1,800 

1,600 
1,600 
1,460 
1,800 
1,800 
1,180 
1,180 
1,800 

1,350 
1,360 


1,300 
1,700 

1,600 
1,350 
1,350 
1,350 
1,300 


1,660 
1,300 


Non.— 'I- integral  head;  C.  P^oentrlftigal  pomp. 
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fcr  engine  parU. 


pot: 


UhUrMBtoi^ 


CyUote. 


trail., 
.do 


...do 


..do.... 


|..do 

(Steel  with 
{ east-iran 
lUocr. 
Cast  Iran.. 


..do 

Forsed 
Gaitlnm., 

...do 

..do 

..do 


8tMl 

Fofgod 

steel. 

Steel 


High 
touile 
steel. 


}8teel. 


Oast  iron. 


}..do 

Geststeel. 


CyUndtf 
Mada. 


j  SbMt 
NroldM. 


I 

Cast  Iran. 


I.... 


GMtiron. 

I 

I 


AItoooImL 

I 

\l 


Cylinder 
Mckats. 


(elecfrol 
dep. 


Haad 
jMdcots. 


Bhiot 
■toil, 
weldftd. 


I... 


I 


Copper 

electrol 
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Form  of  cylinder  proper  including  head  is  a  direct  contributing 
factor  in  the  cyUnder  weight  per  horsepower,  as  is  also  to  some 
extent  the  proportions.  For  a  given  bore  and  stroke,  and  made  of 
the  same  material,  all  cylinders  would  weigh  the  same  if  they  were 
similar  in  form,  and  as  they  are  not  similar  the  differences  in  form 
must  account  in  some  measure  for  total  weight  differences.  ITiat 
form  that  ^yes  the  least  metal  volumes  evidently  should  be  lightest. 
On  this  basis  air-cooled  cylinders  with  their  radiating  heat  dissipating 
ribs,  casings  and  baffles  are  heavier  than  water-cooled  cvlinaers  of 
the  same  Dore,  stroke,  material,  and  similar  valves.  This  excess 
weight  of  the  air  over  the  water-cooled  cylinder  added  to  its  fan 
weight,  when  subtracted  from  the  weight  of  radiator,  pipes,  pumps, 
and  water,  measures  the  excess  weight  of  the  water-cooled  cylinder 
with  its  accessories.  With  radiators  especially  designed  for  lightness 
and  for  a  minimum  suppl]^  of  water  rapidly  circulating,  there  is  no 
essential  reason  why  the  air-cooled  cylmder  engine  complete  should 
weigh  materially  less  than  the  water  cooled.  As  a  matter  of  fact, 
the  actual  difference  itself  is  small,  even  when  all  contributing  factors 
in  each  case  are  not  equally  well  selected,  as  appears  from  uie  com- 
parison of  the  weights  of  some  well-known  eignt-cylinder  V  engines 
given  in  Table  X. 

Table  X. — Comparative  weights  per  cubic  foot  displacement  of  air  and  water  cooled 

S-cylinder  V  engines. 


Engine  or  xnnlnra* 


H 


II 


II 


Remarks. 


Cnrtias 

Starterant 

Sunbeam. 

Raosenberger 

Qerget 

iMviaXoT 

Fanhard-Levassor. 

Wolseley 

DeDloi^Bouton.. 

Renault .'. 

Wolseley 


75 
100 
160 
140 
150 
225 
160 
200 

80 
120 
100 
130 

80 


1,100 
1,260 
1,100 
2,000 

\  2,000 

1,200 
1,300 
1,200 
1,200 
1,600 
1,200 
1,800 


1,800 
1,060 


4.00 
4.26 
5.00 
4.00 

3.54 

4.125 

5.612 

8.037 

4.488 

4.331 

5.0 

4.173 


8.780 
8.760 


5.00 
&00 
7.00 
5.5 

5.01 

6.0 

6.290 

5.118 

6.290 

5.612 

7.0 

4.724 


4.724 
5.600 


0.2012 
.3260 
.6370 
.821 
f  .271 
i  .407 
.557 
.096 
.289 
.465 
.372 
.637 
.803 


.281 


800 

840 
700 
660 
610 
905 
600 
640 
275 
418 
440 
700 
465 


806 


1,080 

1,084 

1,100 

1,716 

2,245 

2,245 

1,000 

921 

952 

900 

1,188 

1,100 

1,635 


1,700 
1,870 


Water  cooled.     Water- 
^   cooled    engines    give 
weights  without  radi- 
ator water. 


Air  cooled.  .  . 

includes  2  ex 

nectors;  also  tan. 
Do. 
CyUnder  barreb.      Air 

cooled.    B  X  h  a  a  8  t 

valves.  Water  cooled. 


1  Without  flywheeL 
Note.— Engine  weights  taken  firom  Table  I,  where  sources  of  information  are  given. 

There  is  a  somewhat  surprising  range  of  weights  here  and  one 
that  bears  close  study  as  directly  rdated  to  design,  form,  and  material 
quite  independent  of  speeds  and  mean  effective  pressures.  The 
lowest  value  is  900  and  the  highest  2,245  poimds  per  cubic  foot  of 
suction  stroke.  There  seems  to  be  no  doubt  of  the  superiority  of 
head-valve  construction  over  side-pocket  valves  in  weight  reduction, 
and  there  is  no  marked  difference  oetween  an  air  and  a  water  coolea 
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constraction.  This  last  conclusion  is  most  important  in  view  of  the 
consistent  inferiority  of  air  cooUng  with  reference  to  mean  effective 
pressure  and  fuel  consumption.  Next  to  seneral  arrangement, 
weights  per  cubic-foot  displacement  are  fundamentally  related  to 
materials  and  wall  thickness. 

Cylinder  metal  volumes  are  least  in  any  cylinder,  other  thin^ 
being  eoual,  when  the  valves  are  placed  in  the  head  instead  of  m 
side  pockets,  so  in  the  interest  of  cylinder  lightness  tins  arran^ment 
must  be  adopted  unless  it  appears  that  the  compensatiog  factors, 
which  will  be  referred  to  later,  overbalance  the  extra  pocket  metal; 
but  this  is  not  the  case.  There  are,  however,  several  successful  aero 
engines  that  follow  the  standard  automobile  practice  of  locating 
valves  in  side  pockets  mostly  of  the  L-head  form.  One  arrangement 
has  the  valves  side  by  side,  both  stems  pointing  toward  the  crank 
case,  both  seatinjg  down  in  a  wide  pocket.  The  other  locates  the 
two  valves  axialJb^  in  line,  one  stem  pointing  up,  while  the  other 
points  down,  ana  seating  on  opposite  sides  of  a  narrow  pocket. 

The  compensating  weignt  elements  referred  to  in  connection  with 
the  head  valve  as  compared  with  the  side-pocket  valve  arrangement 
are  those  of  valve  gear.  Two  side  by  side  valves  in  one  wide  pocket 
are  ordinarilv  driven  by  a  pair  of  push  rods.  Placing  one  valve 
above  the  other  in  a  narrow  pocket  reduces  the  width  and  hence  the 
metal  of  the  pocket,  but  adds  a  rocker  arm  with  bracket  and  pin 
and  some  adoitional  rod  length.  Placing  both  valves  in  the  head 
removes  the  pocket  metal  entirely,  but  adds  a  second  rocker  and 
push-rod  extension  ordinarily.  It  is  the  weight  of  these  two  rockers 
and  push-rods  extension  that  is  to  be  balanced  against  the  metal  of 
the  pocket.  Such  side  pockets  with  ports,  being  irregular  in  shape 
and  necessarily  jacketed,  can  be  formed^  as  in  the  case  with  cylinder 
heads  that  cany  valves,  only  by  castmg  (except  when  welded  of 
sheet  metal  as  m  the  Daimler  experiment).  Tne  added  cast  iron 
due  to  pockets  in  combustion  chamber  and  jacket  wall  will  wdgh 
more  than  the  steel  rocker  arm  and  the  pusn-rod  extension.  The 
we^ht  difference  in  favor  of  the  head-valve  arrangement  is  greater 
stilTwhen  a  single  rod  alternately  works  in  tension  and  compression 
on  one  rocker  actuating  both  vlaves,  as  in  the  Austro  Daimler,  but 
in  this  case  two  different  cams  should  be  used,  one  to  lift  and  the 
other  to  depress.  Further  reduction  is  possible  in  standard  four 
and  six  cylmder  engines  by  placing  the  cam  shaft  directly  on  the 
heads  as  m  the  German  Daimler,  for  here  the  combined  weight  of 
all  push  rods  is  removed  and  the  weight  of  a  pair  of  gears  and  a 
vertical  shaft  introduced  instead.  This  is  no  advantage,  however, 
in  V  engines,  because  with  the  push-rod  drive  one  cam  shaft  can 
serve  both  rods,  and  this  is  one  oi  the  advantages  of  V  arrangement. 
Removal  of  one  push  rod  and  cam  entirely  becomes  possible  when 
the  inlet  valve  is  made  automatic  as  it  is  in  several  engines,  but  the 
loss  of  volumetric  efficiency  resulting  cuts  more  from  the  power  than 
removal  of  push  rod  even  with  rocker  does  from  the  weight.  For 
this  reason  automatic  valves  are  not  to  be  recommended,  though 
there  is  another  reason  also  strong  enough  alone,  that  of  unrestrained 
seat  impact. 

Water-jacket  metal  in  all  cast  cylinders  will  normally  weigh  more 
than  the  metal  of  the  cylinder  proper  inclosed  by  it,  in  spite  of  the 
fact  that  it  might  be  made  thinner,  due  to  lack  of  pressure  loadiog  in 
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one  case  and  in  the  very  high  internal  pressures  in  the  other.  The 
area  of  the  jacket  metal  is  considerably  ^ater  than  that  of  the 
cylinder,  especially  when  the  water  space  is  lar^e;  and  the  foundry 
can  not  make  a  sound  jacket  casting  as  thin  as  lack  of  stress  would 
warrant.  Accordingly,  while  the  cast  Jacket  is  retained  in  many 
aero  engines  in  accordance  with  automooile  practice,  this  can  hardly 
be  accepted  as  the  best  aero  engine  practice,  which  seeks  weight 
reduction  by  legitimate  removal.  Sheet  metal  of  coppjBr,  brass, 
aluminum,  or  steel  in  sheets,  in  drawn  tubes,  spun  and  die  pressea 
shapes  is  so  peculiarly  adapted  to  the  purpose  that  its  lack  of  im- 
meoiate  general  adoption  requires  explanation.  This  is  to  be  found 
first  in  the  joint  difficulty  originally  encountered  in  automobile 
practice^  where  such  a  mechanical  discouragement  was  sufficient  to 
cause  rejection  in  view  of  the  slight  importance  of  the  weight  relation 
to  automobiles,  especially  as  the  cast  jacket  is  cheaper.  With  aero 
engines  the  case  is  different  because  the  need  of  saving  every  ounce 
is  vastly  greater,  and  the  cast  jacket  is  a  lar;^r  fraction  of  the  total 
weight  when  all  the  other  economics  have  oeen  practiced,  so  the 
per  cent  gain  by  sheet  metal  substitution  is  great  enough  to  warrant 
efforts  to  find  suitable  ioints.  This  has  been  accomplished  in  a 
variety  of  ways,  one  of  tnem  being  especially  noteworthy,  viz,  elec- 
trolytic deposition  of  the  whole  jacket  metal  or  electrolytic  deposition 
of  the  joint.  Added  to  this  is  the  now  generally  available  method 
of  the  oxygen  flame  weld,  beside  the  usual  screw-cover  and  press- 
fit  joint  which  has  always  been  available.  Experience  with  these 
sheet-metal  jackets  has  mdicated  the  necessity  for  expansion  pro- 
visions to  avoid  overstressing  of  the  joint  when  the  cylinder  ex- 
pands, exactly  as  in  big  gas  engines.  This  conclusion  is  itself  a 
measure  of  the  distortional  stresses  set  up  in  one-piece  castings  and 
an  additional  reason  for  their  abandonment.  To  these  advantages 
of  weight  reduction  and  relief  of  cylinder  metal  from  jacket  stress, 
the  sheet  metal  jacket  gives  additional  assurance  of  safety  when 
jacket  water  freezes,  and  especially  with  cast  heads  or  cylinders 
permits  complete  assurance  of  the  external  soimdnees  of  the  cast 
metal  that  is  to  resist  explosion  pressures  and  of  the  reality  of  water 
spaces,  which  when  cored  may  be  filled  with  metal  in  comers  where 
tne  desi^er  intended  water  to  be,  so  adding  to  expansion  stresses 
and  preignition  tendencies  that  result  from  uie  consequential  over- 
heatmig. 

At  least  three  openings  to  the  combustion  chamber  through  the 
jacket  space  are  necessary  for  insertion  of  inlet  valves,  exhaust  valve, 
and  igmter.  Hie  outer  ends  of  these  passages  must  be  joined  at  the 
jacket  wall  by  the  jacket  itself  and  the  use  of  sheet-metal  jackets 
calls  for  joints  at  these  points.  These  offer  no  difficulty  if  welded 
autc^enously  or  accomplished  by  electrolytic  deposition,  thou^ 
considerable  pressure  joints  are  apt  to  be  troublesome.  Expansion 
is  provided  in  three  separate  ways,  (a)  the  slip  joint,  packed  by  a 
rubber  ring  as  in  Green  (British),  Q>)  corrugated  bellows,  (c)  the 
elongation  of  a  thin  jacket  of  suitable  metal  provided  the  joint  is 
wel(fed  as  in  the  Benz  (German)  which  seems  quite  satisfactory. 

Jacket  water  spaces  are  usually  made  narrower  on  aero  engines 
than  others  but  the  widtJii  may  properly  be  even  further  reouced 
to  hardl]^  more  than  a  water  film  as  the  corresponding  high  water 
velocity  is  beneficial  to  heat  abstraction  around  the  barrel.    On  the 
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heads  greater  width  is  usually  necessary  to  avoid  the  formation  of 
pockets  where  air  or  steam  may  collect  next  to  the  ilreigpalar  port 
waUs,  and  the  outlet  for  water  must  be  at  the.highest  point  to  pro- 
mote expulsion  of  any  bubbles.  Jacket  lengths  on  the  cylinder 
barrel  are  usually  short,  normally  extending  httle  if  any  below  the 
lowest  position  of  the  piston  heaa.  This  is  not  as  satisfactory  as  a 
lonjeer  jacket  even  if  tne  space  be  narrow,  especially  as  the  cyunder 
wafis  are  so  thin  as  to  have  a  minimum  of  heatrconducting  capacity 
lon^tudinally.  The  piston  barrel  will  give  heat  to  every  part  of  the 
cvhnder  wall  with  which  it  comes  in  contact  and  if  at  some  low  part 
there  is  no  water,  then  the  heat  must  be  dissipated  to  the  air  directly 
or  conducted  up  to  where  the  jacket  starts. 

Provisions  for  valve  insertion  and  removal,  to  facilitate  inspection 
and  regrinding,  are  used  in  the  very  best  large  intemal-comoustion 
engine  practice  but  would  add  weight  to  the  aero  engine  if  adopted. 
Inlet  valves  are  carried  in  cages,  which,  with  their  fastening  and  the 
necessary  additional  guide  wSOa,  add  several  times  the  wei^t  of  the 
valve.  Through  the  opening  of  the  removed  inlet  cage  the  exhaust 
valve,  which  must  seat  on  water-cooled  metal,  becomes  accessible. 
This  accessibiUty  of  valves  is  the  primary  recommendation  for  the 
side  pocket,  which  permits  of  the  use  of  the  above  construction  when 
bot^  stems  are  opposed  in  line  as  in  the  Mulag.  In  the  parallel  con- 
struction it  is  accomplished  by  two  covers,  one  over  each  valve, 
as  in  Sturtevant.  It  is  also  attained  in  the  head  valve  arrangement 
without  cages  by  the  separate  or  removable  head  which  m  aero 
engines  is  objectionable  for  many  reasons.  This  problem  has  been 
boldly  met  by  the  designers  of  many  of  the  best  aero  engines  by  simply 
providing  a  joint  between  cylinder  and  frame  that  is  easy  to  loosen 
and  by  using  valve  gear  and  pipe  connections  that  are  quickly 
detacbiable,  so  the  entire  cylinder,  wnich  even  in  the  largest  sizes  is  not 
heavy,  can  be  bodily  removed  by  hand  with  ease  and  the  valves 
reached  through  the  bore.  In  this  way  the  number  of  parts  is  kept 
to  a  minimum  and  a  material  contribution  to  low  cylinaer  weight  is 
secured. 

Low  valve  weight  would  demand  the  thinnest  disk  and  stem  and 
the  shortest  possible  stem,  but  process  considerations  are  in  opposi- 
tion to  this  conclusion,  especially  in  exhaust  valves  where  heat  aiasi- 
pation  is  opposed  thereby.  Practice  oscillates  between  these  two 
extreme,  but  the  heavy  construction  of  exhaust  valves  must  be 
favored  while  the  light  is  permissible  on  self-cooling  inlets,  unless  it  be 
r^arded,  as  in  marine  and  automobile  practice,  imwise  to  use  two 
different  valves  in  the  interest  of  reduction  of  spares.  It  is  otherwise 
perfectly  feasible  to  make  inlet  valve  disks  thm  with  short  stems  of 
small  diameter,  and  exhaust  valves  thick  with  large  diameter  stems, 
perhaps  taper  bored  from  the  end  toward  the  disk,  and  long  enougn 
m  the  guides  to  dispose  of  the  heat.  If  a  metal  of  high  conductivity 
could  be  found  otherwise  suitable,  then  exhaust-valve  thickness 
might  be  reduced.  Keeping  the  weights  now  used  for  both  valves, 
the  excess  desired  in  exhaust  valves  can  be  secured  by  reducing  the 
inlets,  though  many  good  engines  are  amply  well  cared  for  in  thi^ 
respect.  Valve  material  is  mvariably  steel,  forged  to  meet  the 
requirements  of  inertia  and  impact  shock  at  high  speeds  and  of 
corrosion,  especially  in  exhaust  valves,  and  alloy  steels  seem  better 
adapted  than  carbon  steels  for  this  purpose.    Shock  troubles  of 
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broken  stems,  battered  push  rods,  and  worn  seats  would  all  disappear 
if  some  form  of  good  rotary  yalve  could  be  evolved,  and  this  is  a  most 
attractive  possibility  with  as  yet  no  realization  in  sight,  though  the 
case  is  by  no  means  hopeless. 

A  general  comparison  of  water  cooled  cylinder  weights  with 
various  constructions  of  jackets,  valve  location,  and  drives,  per 
cubic  foot  of  displacement  p^  stroke,  is  given  in  Table  11  to  show 
limiting  effects  of  various  structural  detaib,  but  imfortimatc 


, imfortimatdy  in  an 

inconclusive  way  for  cylinders  alone,  as  shafts  and  frames  are  included. 
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Here,  again,  the  superiority  of  the  head  oyer  the  pocket  valve 
arrangement,  and  the  indifference  of  air  versus  water  coohng,  are 
demonstrated,  but  in  addition  the  steel  cylinder  is  shown  to  be  supe- 
rior to  the  cast  iron.  As  to  arrangement  of  cylinders  with  reference 
to  crank  shaft,  comparing  the  four  and  six  in  hne,  the  8  and  12  cylin- 
der V,  there  is  nothing  conclusive  demonstrated,  though  for  the  latter 
there  are  insufficient  figures  available.  Radial  star  arrangements  are 
consistently  hghter  than  the  above,  not  as  much  as  might  be  expected 
for  fixed  cyhnders,  but  quite  markedly  so  for  the  rotating,  which  in 
round  numbers  weigh  only  half  as  much  as  the  hne  arrangements. 
It  is  the  consistent  use  of  steel  for  cylinders  in  the  rotating  against 
the  cast  iron  in  the  fixed  star  arrangements  that  is  responsible  for  the 
weight  differences  reported  rather  than  rotation  versus  fixity. 

Chrlinder  weight  must  have  some  relation  to  the  ratio  of  bore  to 
stroke  for  equcd  displacements,  and  the  variation  of  stroke  per  omit 
of  displacement  must  affect  as  well  the  shaft  and  frame  weights. 
The  tnickness  of  the  cylinder  walls  should  vary  directly  with  the 
diameter  for  explosion  pressure  stress  resistance,  while  displacement 
varies  directly  as  the  square  of  the  diameter,  and  directly  as  stroke. 
The  actual  ratios  of  stroke  to  bore  will  be  between  one  and  two, 
the  former  giving  a  very  short  and  the  latter  a  very  long  stroke 
engine  according  to  practice.  The  short-stroke  cylinder  wilT  require 
a  tnicker  wall  than  the  long  for  stress  resistance,  but  the  difference 
is  so  small  in  view  of  shop  Umits  and  the  small  diameters  that  it 
can  be  neglected.  Even  allowing  extra  thickness,  the  short-stroke 
engine  will  be  lighter  than  the  long  as  to  cyUnder  weight  and  doubly 
so  when  the  increased  thiclmess  of  crank  and  larger  crank  case  neces- 
sary are  included.  More  effect  on  weight  reduction  is  possible  by 
offsetting  cylinders  than  by  working  to  extremes  of  stroke  bore  ratio, 
as  this  reduces  the  height  of  engine,  especially  when  the  connecting 
rod  is  shortened  as  it  may  be  at  the  same  time  to  equalize  the  side 
thrust  friction  on  the  two  sides  of  the  cylinder  wall.  This  offsetting 
is  quite  generally  practiced,  though  it  is  by  no  means  amiversal,  and 
w^ht  reduction  possible  by  this  means  is  small. 

Cylinders  when  cast  are  6ast  sometimes  singly,  sometimes  two. 
three,  or  even  four  together,  to  make  up  multicylmder  eng'mes,  and 
this  is  a  factor  in  weight  reduction.  Casting  a  single  cylinder  com- 
plete with  head  and  cast  jacket  is  the  old  standard  practice  for  small 
stationary  engines,  and  the  method  first  adopted  for  auto  engines. 
Such  cyhnders  simphfy  and  cheapen  the  construction  of  multi- 
cylinder  engines  of  ditferent  numbers  of  cyhnders  to  give  different 
horsepower  imits,  as  the  only  change  required  to  get  a  new  capacity 
engine  is  in  frame,  cam  shaft,  and  crank  shaft.  When  automobile 
engines  became  standardized  to  the  four  cylinders  in  line,  four  crank 
form,  it  became  evident  that  weight  would  be  saved  and  compactness 
promoted  by  castiujg  two  cvlinders  in  one  piece,  the  jacket  consisting 
of  two  semicylindrical  and  two  tangent  nat  plate  elements  for  the 
barrel,  and  two  semicircular  and  one  flat  plate  nearly  square,  con- 
necting member  for  the  top  instead  of  two  circles.  This  produced 
a  stiff  structure  which  permitted  a  reduction  of  frame  or  crank  case 
stiffness,  and  it  shortened  the  frame  and  shaft,  but  required  the 
elimination  of  one  main  bearing  between  the  cylinders,  for  which 
with  this  arrangement  there  is  not  sufficient  room.  As  a  partial 
offset  there  is  required  a  somewhat  thicker  crank  and  shaft  to  com- 
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pensate  for  the  increased  bendiog  moment  that  follows  the  spreading 
of  main  bearings  as  supports.  Inis  practice  of  casting  two  cylinders 
enbloc  for  fonr-cylinder  engines  is  equally  adapted  for  six,  and  is 
quite  commonly  adopted,  though  not  universally.  Aero-engine 
practice  followed  in  part  this  auto  and  marine  practice  for  cast 
cylinders  of  making  two  enbloc,  so  that  the  four-crank  engine  has 
three  and  the  six-crank  engine  four  main  bearings. 

Cylinder  removal  is  facilitated  by  separate  cylinder  castings,  because 
there  are  less  parts  to  be  detachea,  and  the  weight  to  be  luted  is  the 
least.  Separately  cast  cyHnders  are  better  adapted  to  sheet-metal 
jackets,  so  aero  engines  departed  from  automobile  two  enbloc  practice 
m  casting  such  cylinders  separately  and  leaving  a  bearing  between 
each  crank.  The  four  crank  engine  then  has  five,  the  six  crank, 
seven  bearings,  and  the  whole  engine  is  symmetrical.  This  is  per- 
fectly sound  and  good  practice,  for  there  are  no  more  important 
members  than  the  crank  shaft  and  the  frame.  By  this  construction 
the  maximum  stiffness  and  best  distribution  of  main-bearing  surtsLce 
is  secured,  with  least  deflection  at  crank  pins,  and  the  extra  shaft 
and  frame  length  is  worth  the  small  cost  m  weight,  for  the  weight 
increase  is  very  small.  Steel  cylinders  are  always  separate  and  can 
be  substituted  for  the  cast  cylinders  with  sheet-metal  jackets  on  this 
type  of  frame  and  shaft  without  any  alteration  whatever,  as  may 
also  air-cooled  cylinders,  which  by  the  very  nature  of  the  problem  of 
air  cooling  can  not  be  cast  in  pairs  at  all. 

Frame  form,  for  connecting  cylinders  and  main  bearing,  has  a 
very  large  influence  on  the  weight  per  cylinder  in  multicylinder 
multicrank  engines,  because  the  more  direct  the  stress  resistance,  the 
less  the  metal  required.  As  evolved  from  old  stationary  and  marine 
steam  engine  practice,  the  main  bearings  support  the  shaft  from 
below,  the  caps  being  removable  upward,  which  requires  a  two-part 
frame.  The  lower  frame  member  consists  of  a  cross  web  to  carry 
each  main  bearing,  and  these  are  tied  together  by  a  lonmtudinal  weD 

i'ust  out  of  reach  of  the  crank  throw,  so  for  a  multicrami  engine  this 
ower  frame  member  becomes  essentially  a  semicylindrical  box  with 
a  semicircular  cross  partition  for  each  main  bearing.  The  upper 
frame  member  ties  the  cylinders  to  this  box  by  anotner  box,  or  Dy 
the  A  form  of  double  cofunm.  The  latter  receives  a  cylinder  at  its 
upper  ring  end,  and  its  legs  seat  on  the  lower  frame  in  the  plane  of 
the  crank  path.  Thus  the  stress  which  is  alternately  tension  and 
compression  in  standard  steam  en^es,  is  communicated  from 
cyhnders  to  main  bearings  in  a  decidedly  roundabout  way.  The 
same  is  true  of  the  second  or  box  form  of  upper  frame  member  as  to 
indirectness  of  stress  transmission,  for  here  the  upward  cylinder 
thrust  is  received  by  a  flat  plate  with  holes  in  it,  one  for  each  cylinder, 
and  this  horizontal  flat  plate  transmits  it  down  two  inchned  semi- 
vertical  plates  to  the  ed^es  of  the  cyUndrical  box  of  the  lower  frame 
member,  which  carries  tne  vertical  main-bearing  cross  webs. 

Single-acting  internal-combustion  engines  are  subjected  to  a  frame 
stress  from  explosion-gaa  pressures;  that  is,  a  pure  tension  between 
cylinders  and  main  bearings,  although  inertia  of  reciprocating^parts 
at  high  speeds  on  idle  strokes  may  introduce  a  compression  eqmvalent 
to  the  double-acting  steam  engine.  Aero  engines  are  necessarily  light 
and  their  parts  also,  so  that  there  is  no  real  necessity  for  bottom 
gravitational  support  of  the  crank  shaft,  nor  for  keeping  the  old 
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scheme  of  removal  through  end  holes  in  box  frames  or  sidewise  through 
removable  columns.  Aero-engine  crank  shafts  can  perfectly  weUbe 
supported  below  by  bearing  caps,  removal  of  which  permits  the  shaft 
to  crop  free.  This  greatly  simplifies  the  frame  which  need  not  be 
more  tnan  a  short  cross  web  hanging  between  cylinders  under  a  hori- 
zontal flat  plate  with  holes  for  each  cylinder.  This  cross  web,  if  cast 
of  aluminum,  can  be  formed  for  compression  resistance  as  a  columui 
and  steel  tension  rods  inserted  to  relieve  it  entirely  for  the  tension 
stress  it  can  not  resist.  The  substitution  of  steel  shai>es  welded  or 
riveted  for  the  aluminum  casting  is  perfectly  feasible  in  such  form 
as  to  equally  well  serve  as  struts  and  ties.  Resistance  of  longitudinal 
bending  of  crank  shaft  due  to  the  rdative  forces  at  two  different 
cylinders  or  cranks,  is  easily  resisted  by  side  plates  in  the  cast  form, 
or  by  diagonal  latticed  braces  in  the  structural  form.  This  means 
the  elimination  of  the  old  lower  frame  member  entirely  and  the  sub- 
stitution for  purposes  of  indosure  of  a  mere  shell  subjected  to  no 
stress  whatever,  out  formed  solely  in  the  interest  of  an  unstressed 
oil-tight  indosure. 

Aero-endne  frames  have  not  all  developed  along  these  lines,  prac- 
tically all  t)erng  of  cast  aluminum  and  only  a  few  introducing  the 
steel  tension  rod.  Green  for  example,  while  a  great  many  retain  the 
bottom  web,  leaving  a  hole  where  the  more  serviceable  upper  direct 
web  shoTild  be.  lliere  are  no  structural-steel  frames.  Reference 
is  made  to  the  illustration  in  the  appendix  to  frame  constructions 
which  should  be  judged  in  this  light.  Modifications  of  frames  alcmg 
these  lines  will  matenally  improve  the  stiffness  and  life  of  main  bear- 
ings, which  should  reduce  lubrication  difficulties  as  well,  for  the  same 
frame  and  shaft  weights  now  used,  or  result  in  an  equivalent  weight 
reduction. 

Main  bearings  are  almost  universally  of  the  plain  type  lined  with 
so-called  antifriction  or  white  metal,  though  in  a  few  cases  ball 
bearings,  which  seem  ill  adapted,  have  been  employed.  The  thrust 
bearing,  which  is  peculiar  to  aero  as  compared  to  auto  enmies,  be- 
cause the  useful  effect  of  all  power  developed  lies  in  propeller  thrust 
against  the  frame,  must  be  suitably  supported  by  the  frame.  As 
the  loads  are  not  severe,  and  the  thrust  not  irregular  as  in  main  bear- 
ings, but  reasonably  steady  and  always  in  one  direction,  this  offers 
no  oifficulty.  The  longitudinal  side  plates  connecting  the  main  bear- 
ing webs,  to  make  the  frame  stiff  as  a  beam,  are  equally  serviceable 
in  making  it  serve  as  a  column  loaded  by  propeller  thrust,  if  the  end 
plate  be  suitably  stiffened.  This  end-plate  stiffening  is  all  the  frame 
modification  required  to  receive  the  tnrust  bearing. 

Aero-engine  pistons  follow  almost  universally  the  practice  in  auto 
engines  as  to  use  of  cast  iron  as  a  material,  but  vary  in  practically 
every  other  respect.  They  are  invariably  snorter  ana  thinner,  being 
machined  all  over  as  nearly  as  pin  bosses  permit,  in  an  enort  to 
reduce  weight,  which  in  many  cases  has  been  carried  entirely  too  far. 
Unless  normal  speeds  are  made  higher  than  at  present,  say  1,500 
revolutions  per  minute,  the  piston  weight  can  be  considerably  greater 
withomt  developing  inertia  forces  e(][ual  to  explosion  pressures. 
With  present  piston  weights  this  equality  between  explosion  pressure 
and  inertia  forces  is  reawied  about  2,500  revolutions  per  minute.  In 
any  case  metal  sufficient  for  heat  conduction  must  be  available,  and 
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redaction  on  this  basis  becomes  legitimate  only  when  better  thermal 
conductors  than  cast  iron,  such  as  aluminum^  copper,  or  the  bronzes, 
are  substituted  for  it.  Complete  substitution  is  aifficult,  in  yiew  oi 
their  expansion  coefficients  and  low  stress  resistances^  but  these 
materials  can  be  used  as  supplementary  conductors  to  stiff  cast-iron 
piston  frames.  As  piston-weights  of  any  one  desim  increase  per 
square  inch  of  piston,  the  use  of  a  laiige  number  <»^small  pistons 
results  in  legitimate  piston  w^^t  reduction  oyer  a  smaller  number 
of  larger  ones  of  equal  area.  With  the  exception  of  the  brass  L  sec- 
tion smgle  top  ring  of  the  Gnome  engine,  aero-engine  piston  rin^s 
differ  not  at  all  from  the  cast-iron  ring  of  auto  engines,  usually  ^e 
thin  lower  end  of  aero-engine  pistons  is  stiffened  by  an  internally 
projecting  web,  which  is  an  excellent  feature  and  should  be  retained, 
noweyer  neads  and  unper  barrel  are  increased.  Flat  heads,  beinff 
structurally  weak  ana  inflexible,  should  be  definitely  abandonecU 
as  is  also  tne  case  with  any  cast  ribs  on  the  under  side  ol  the  head, 
especially  as  these  are  useless  in  tension  and  inyolye  shrinkage 
stresses  m  the  making.  Downward  curying  or  concaye  heads  being 
m  tension,  must  likewise  yidd  to  the  conyex  upward  or  domed  pis- 
tons such  as  the  Daimler,  which,  without  ribs,  is  the  best  possible 
form,  but  these  would  be  much  improyed  by  thickening  at  the  edges. 
Wrist-pin  bosses,  while  in  a  few  cases  separately  attached,  are  nor- 
maUy  cast  integral,  a  practice  that  leads  to  least  metal  for  strength^ 
though  the  deformation  tendency  on  expansion  is  iinf ayorable. 

As  a  partial  compensation  for  the  increased  unit  side  thrust  due 
to  shortening  of  pistons  and  use  of  short  connecting  rods,  there  is  a 
marked  tenancy  to  offset  the  cylinders  an  amount  reconmiended  by 
Vorreiter  as  one-eighth  the  stroke.  This  is  of  no  assistance  whateyer 
when  inertia  forces  are  as  high  as  they  should  be,  as  on  the  suction 
stroke  a  side  thrust  equal  to  that  deyeloped  by  gas  pressure  alone  is 
imposed  on  the  other  side,  so  that  the  symmetrical  cylinder  setting 
m  line  with  crank  shaft  should  not  be  abandoned  for  this  reason. 
The  principal  yahie  of  offsetting  is  reduction  of  engine  height* 

Wrist  pins  are  properly  made  hollow  in  some  cases  to  reduce 
weight,  while  leaying  enough  metal  to  resist  undue  stressing  and 
securing  the  maximum  bearmg  area  for  the  rod  end.  They  would 
always  be  hollow.  The  old  baa  practice  of  tapering  pin  ends  is  often 
retained,  though  in  yiew  of  its  natural  tendency  to  work  the  pin 
toward  the  big  end,  to  loosen  and  to  score  the  cylinder,  which  tend- 
ency is  only  opposed  by  excessiye  locking  requirements,  should  haye 
been  long  ago  abandoned.  Plain  cylindrical-ended  pins,  of  two 
diameters  but  slightly  different,  is  the  best  practice,  and  the  next 
best  is  a  straijght  pin  or  tube  locked  in  the  bosses.  Bearings  in  the 
bosses  with  pins  nxed  in  rod  ends  haye  neyer  proyed  satisfactory  in 
other  engines,  and  there  is  no  difference  in  aero  engines  that  war- 
rants a  cufferent  conclusion. 

Connecting  rods  follow  the  usual  auto  practice  in  haying  the  wrist- 

i)in  end  solid  forged,  bored,  ahd  bushea,  with  the  old  split-marine 
onn  of  crank-pin  end,  lined  with  soft  metal,  and  forged  of  steel.  They 
are,  howeyer,  uniyersally  of  high  tension  aUoy  steel  of  sometimes 
tubular,  but  almost  uniyersally,  I  section.  Tne  special  rod  forms 
are  confined  to  the  rotating  cylinder  engines  with  many  roda  per 
cranky  where  each  engine  is  characterized  by  some  arrangement 
pecuhar  to  itself,  all  inyolying,  howeyer,  a  single  bearing  embracing 
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the  crank  pin,  to  which  the  other  rods  are  movably  attached  to  allow 
the  small  relative  oscillation  of  each  with  reference  to  this  bearing. 
This  system,  which  for  the  want  of  a  better  name,  may  be  called  the 
master-and-shoe  rod-end  construction,  even  though  the  name  applies 
to  only  one  form,  is  adapted  to  the  double  rod  per  crank  construction 
of  the  V  engine  as  a  substitute  for  the  separate  embracement  of  the 
crank  pin  by  each  rod,  either  of  similar  rod  ends  side  by  side  or  one 
straight  and  the  other  forked,  as  the  master  and  shoe  results  in  lower 
mean  j)ressures  and  less  friction  than  the  double  direct. 

Weight  of  engine  j)roper  per  horsepower  is,  as  pointed  out,  not  to 
be  secured  by  reducmg  engine  metal  alone  or  by  raising  speed  alone, 
but  may  follow  a  raising  of  mean  effective  pressures  without  any 
change  m  metal  or  speed.  It  may  also  be  secured  with  the  same 
metal  by  maintaioing  mean  elective  pressures  with  increasing  speed, 
or  even  by  lessening  mean  effective  pressures  at  increasing  speeds, 
provided  tne  latter  increases  faster  than  the  former  decreases.  It  is 
therefore  important  to  return  to  the  question  of  mean  effective 
pressure  and  examine  it  in  the  light  of  such  arrangements  of  engine 
as  may  affect  the  weight  of  cylinder  complete  per  cubic  foot  of  dis- 
placement and  the  weight  of  shaft  and  frame  per  cylinder.  Mean 
effective  pressure  indicated  is  entirely  a  question  of  port  and  valve 
size  and  of  port,  valve,  and  combustion  chamber  temperatmes. 
.The  former  aSects  the  weight  of  charge  by  pressure  drop  and  the 
latter  by  suction-temperature  rise,  but  the  latter  also  limits  the 
compression,  which  is  the  other  factor  in  mean  effective  pressure. 
Mean  effective  pressures  referred  to  brake  horsepower  are  tne  same, 
except  for  mecnanical  friction  and  in  the  case  of  two-cycle  engines 
for  pump  work.  Any  alternative  arrangements  or  detail  form  that 
do  not  inherently  increase  the  suction-pressure  drop  or  the  suction- 
temperature  rise  or  do  not  produce  hotter  internal  combustion-cham- 
ber walls  may  be  made  to  yield  equally  hi^h  mean  effective  pressures 
by  the  use  of  suitable  proportions  and  dimensions  of  passages  and 
chambers.  Forms  or  arrangements  of  this  sort  that  reduce  engine 
weight  per  cubic  foot  also  directly  contribute  to  the  desired  resuU  of 
reduction  of  weight  per  horsepower. 

According  to  tiiis,  a  given  number  of  fixed  water-cooled  cylinders  of 
the  same  size  should  yield  the  same  indicated  mean  effective  pres- 
sures, no  matter  how  they  are  arranged,  whether,  for  example,  four 
are  radial  or  in  line,  six  m  the  radial  p'oups  of  three  each  or  all  in 
line,  eight  in  line  or  in  two  fours  V  connected.  Any  differences 
actually  found  must  be  charged  to  proportions,  to  carburation,  or  to 
ignition,  and  can  not  be  regarded  as  inherently  characteristic  of  the 
grouping,  though,  of  course,  mean  effective  pressures  referred  to 
brake  horsepower  will  differ  by  the  difference  in  mechanical  friction, 
which  is  least  for  the  least  product  of  bearing  surface  and  mean  bear- 
ing pressure.  The  same  is  not  true  for  &ed  aiivcooled  cylinders 
because  their  form  and  arrangement  does,  to  an  appreciable  extent, 
affect  their  temperatures,  though  thd  suction-pressure-drop  effects 
can  be  made  the  same  for  all.  Therefore,  more  differences  may  be 
justifiably  expected  among  fixed  air-cooled  than  among  fixed  water- 
cooled  cylinders. 

The  meed  air-cooled  cylinders  are  likely  to  run  hotter  than  the 
water-cooled  cylinders  so  their  mean  pressures  would  be  lower,  as 
much  so  as  the  cooling  is  ineffective. 
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Rotating  air-cooled  cylinders  taking  their  charge  through  the 
pistons,  probably  suffer  the  greatest  m  all  suction  heating  effects 
and  must  be  expected  to  hare  the  lowest  mean  effectiye  pressures, 
indicated  and  brake,  more  so  because  the  windage  is  added  to  me- 
chanical friction. 

Automatic  suction  valves  whether  used  in  fixed  cylinders  or  in  the 
pistons  of  rotating  cylinders,  must  always  oppose  suction  b^  greater 
pressure  drops  than  mechanical  valves,  each  suitably  designed,  so 
such  engines  should  have  lower  mean  effective  pressures. 

Thick-walled  cylinders  and  thin-walled  pistons  should  run  hotter 
than  thin  cylinders  and  thick  pistons,  so  differences  in  mean  effective 
pressure  may  be  expected  in  these  directions,  always  subject  to 
proper  selection  of  proportions  in  other  directions. 

Speed  limits  should  inherently  be  the  same  for  all  fixed  cylinder 
engmes,  no  matter  how  disposed,  so  that  with  proper  proportions 
there  is  no  reason  why  any  arrangement  should  suffer  a  greater 
falling  off  in  mean  effective  pressure  with  speed  increase  than  any 
other,  however  much  the  constant  high  value  for  one  may  differ  from 
that  of  another.  Rotating  cylinder  engines  are,  however,  subject  to 
lower  speed  limits  than  are  fixed  cylinder  machines,  on  account  of 
centrifugal  forces,  though  there  is  no  reason  why  one  kind  of  rotating 
cylinder  en^e  snould  not  nm  as  fast  as  another,  nor  why  all  shoula 
not  suffer  tne  same  rate  of  decrease  in  mean  effective  pressures  with 
speed  increase,  as  do  fixed  cylinder  engines  except  as  windage  may 
cause  greater  losses,  referred  to  brake  horsepower. 

Any  one  type  of  cylinder  and  piston  will  run  hotter  the  larger  its 
diameter,  so  a  given  piston  area  in  a  large  number  of  cylinders  snoidd 
result  in  nigher  mean  effective  pressures  from  the  reduction  of  suction 
heating  and  the  increased  compression  made  possible  by  the  cooler 
interiors.  Therefore  an  eight-cylinder  V  should  be  better  than  four 
or  six  cylinders  in  line  of  equal  displacement,  and  the  rotating 
cylinder  engine  of  several  rows  and  cranks  should  be  better  than  equd 
displacement  in  one  row  and  one  crank. 

Similarly  a  large  stroke  bore  ratio,  favoring  smaller  piston  diam- 
eters for  equal  cusplacements,  should  yield  ni|gher  mean  effective 
pressures  than  a  small  ratio  but  this  difference  is  necessarily  small, 
as  reduction  of  cylinder  diameter  from  6  to  5}  inches,  for  example, 
can  not  greatly  affect  interior  temperatures. 

These  principles  should  all  be  cnecked  by  experimental  data  and 
can  be  so  checked,  but  such  data  have  never  yet  been  obtained, 
largdy,  because  such  tests  as  have  been  made  were  directed  toward 
a  comparative  judging  of  engines  in  competition,  and  were  not  con- 
ductea  for  discovery  of  principles  of  construction.  Such  residts  as 
are  available  are  compared  in  Table  12  with  reference  to  the  variables 
discussed.  In  the  same  table  are  incorporated  the  figures  for  thermal 
efficiency  which  controls  the  weight  of  fuel  to  be  earned.  This,  while 
slightly  affected  by  valve  resistances  as  is  mean  effective  pressure,  is 
depenaent  primarily  on  compression  for  indicated  efficiency,  and  on 
engine  friction  and  n^ative  work  for  bri^e  efficiency.  It  therefore 
is  most  affected  by^  temperatures  of  the  charge  before  compression 
starts  and  by  interior  temperatures,  as  these  affect  the  maximum 
compression.  As  might  be  expected  therefore  the  differences  be- 
tween the  thermal  ^ciencies  are  less  than  those  between  mean 
effective  pressures. 
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There  appears  to  be  no  consistent  difference  between  the  per- 
formance characteristics  of  steel  compared  with  cast  iron,  as  com- 
bustion chamber  materials,  when  measured  in  terms  of  mean  effective 
pressures  or  thermal  efficiencies.  The  same  is  true,  as  might  be  ex- 
pected, for  fixed  cylinder-crank  shaft  arrangements  of  four  or  six  in 
fine  compared  with  8  or  12  cylinder  V^  or  star,  though  the  figures  for 
the  latter  do  fall  off  a  Uttle.  As  indicated  before,  the  fundamental 
difference  is  in  air  versus  water  cooling,  and  fixed  versus  rotating,  or 
crank  case  versus  direct  admission  oi  charg^e.  Fixed  cylinders  are 
always  superior  to  rotating,  other  things  bemg  equal,  du'ect  charge 
admission  to  crank  case  a(miission,  and  water  cooung  to  air  coolii]^. 

ReUabiUty  of  the  engine  as  affected  by  arrangement,  form,  propor- 
tions, and  materials  is  partly  a  process  (question  and  partly  one  of 
endurance  of  structure.  So  long  as  the  mixture  is  made  regularly  and 
properly  received  into  the  cylinders,  and  then  treated  always  the  same, 
which  includes  i^tion  ana  coolii^,  then  the  mean  effective  pressure 
and  thennal  efficiency  should  remain  the  same,  and  the  engine  continue 
to  run  indefinitely.  This  is  the  process  part  of  reHability.  It  is 
equally  necessary,  however,  that  no  part  shall  break  or  fastenings 
loosen,  and  that  bearings  shall  neither  seize  nor  wear  too  fast  or  xm- 
evenly.  Breakage  means  immediate  involuntary  stoppage,  and 
loosening  or  bearing  trouble  a  more  or  less  fast  approach  to  a  stop- 
page, wmch,  if  anticipated,  may  be  voluntary,  or  if  not,  a  stoppage 
essentially  the  same  in  immediate  effects  as  a  breakage. 

There  is  no  excuse  to-day  for  any  greater  number  of  breakages  of 
aero  engine  parts  than  of  similar  parts  of  other  engines,  provid^  the 
same  amount  of  skill  and  foresight  in  design  and  construction  arch 
exercised.  The  fact  that  the  consequences  of  breakage  are  so  much 
more  serious  in  the  case  of  the  aero  engine  than  in  any  other  is  suffi- 
cient reason  why  the  breakages  should  be  even  less  than  on  any  other, 
and  should  not  exceed  those  that  could  be  called  pure  accidents  be- 
yond the  utmost  sWU  and  care.  It  is,  however,  imdoubtedly  a  fact 
that  stress  analysis,  skill,  and  material  data,  for  operating  conditions, 
are  far  less  generally  appUed  to  aero  engine  design  than  to  other  im- 
portant classes  of  machmery.  This  is  partly  because  the  youth  of  the 
art  has  kept  the  inventor  in  the  foreground  and  the  computer  behind, 
but  largely  through  lack  of  rigidity  oi  requirements  by  purchasers  ana 
Lack  of  financial  support  of  the  business.  If  the  business  of  aero  en- 
gine production  were  large  and  regular,  or  Government  supported,  it 
could  not  only  afford  to  pay  experienced  stress  analysts,  metallurgists, 
and  material  investigatore,  but  would  be  forced  to  do  so. 

Breakage  prevention  is  therefore  almost  entirely  a  c^uestion  of 
money,  and  of  realization  that  design  is  not  purely  mvention.  It  is, 
however,  somewhat  a  question  of  arrangement  and  form,  for,  as  has 
been  mentioned,  from  time  to  time  some  arrangements  or  forms  lend 
themselves  better  to  design  for  assurance  against  breakage  than  do 
others,  or  some  promote  a  reduction  of  seriousness  of  the  consequences, 
of  breakage,  if  it  does  occiu:,  through  i>ure  accident.  An  illustration  of 
this  latter  point  is  the  case  of  the  rotating  cylinder  arrangement  versus 
the  fixed.  Breakage  of  a  cylinder  fastening  means  a  throwing  off  of 
the  mass  tmder  the  influence,  not  merely  of  the  gas  pressure  t>ut  of 
centrifugal  force  as  well,  and  with  a  good  possibuity  of  much  more 
serious  consequences  for  the  former.  Even  the  breakage  of  one  of  the 
radiid  valve  tappet  rods  will  cause  a  loose  end  to  fly  out  and  whip 


Digitized  by 


Google 


AEB0NAUTIC8.  293 

through  the  supporting  structure.  Such  is  believed  to  have  been  the 
cause  of  wrecking  a  Bntish  machine  in  flieht  and  causing  the  death  of 
the  two  passengers.  Partial  ruptures  such  as  cracks  in  piston  and  cyl- 
inder are  preventable  by  proper  cooline,  but  the  substitution  of  steel 
for  cylinders  directly  contributes  to  mis  result,  as  does  arching  of 
pistons,  the  former  a  contribution  of  materials  and  the  latter  one 
of  form  to  structural  permanence,  (complete  ruptures  are  probably 
more  common  in  valve  stems  and  other  small  parts  than  in  the  main 
elements  of  frame,  shaft,  cylinder,  piston,  and  rods,  indicating  lack 
of  care  or  insufficient  expenence. 

All  such  things  are  to  oe  eliminated  by  organization,  supplemented 
by  time  and  by  long  periods  of  operation  of  experimental  engines, 
run  under  specified  unfavorable  conditions  to  complete  destruction 
of  any  one  part  under  investigation,  such  as  a  valve  and  stem,  or  of 
the  wnole  structure.  Testing  to  destruction  is  the  very  best  way  to 
accelerate  experience  without  danger  to  anyone.  As  m  the  case  of 
the  other  illustration  cited,  however,  form  can  contribute  something 
to  the  reduction  of  consequences  of  breakage,  and  in  the  case  of  the 
stem  of  the  head  valve,  this  has  been  attempted  by  placing  the  edge 
of  the  valve  seat  slightly  over  one  side  of  the  cylinder  oore  in  an  offset, 
or  complete  enlargement  of  diameter  at  the  clearance  and  with  the 
valve  circle  tangent  to  the  bore.  Should  a  stem  break,  the  valve  will 
drop  to  the  cymider  shoulder  instead  of  on  top  of  the  piston,  which 
smashes  it  or  itself,  provided  the  break  is  high  enough  upoti  the  stem 
so  the  stem  does  not  emerge  from  the  guide.  Otherwise  the  residt 
is  qtdte  the  same  as  if  the  shoulder  were  not  present,  except  that  a 
larger  diameter  of  valve  is  possible  than  without  such  extension  of 
the  bore.  This  valve  trouble  is  supposed  to  be  quite  prevented  by 
side-pocket  location  of  valves,  but  is  not,  because  should  the  valve 
drop  into  the  pocket  there  is  every  chance  of  it  diding  over  on  the 

Eiston  under  the  influence  of  a  suction  stroke,  especiculy  if  the  flat 
ridge  inclines  downhill,  as  it  usually  does  in  single  cam  shaft  V 
engines,  for  example,  though  placing  the  valve  on  the  opposite  or 
downhill  side  would  prevent  it,  but  would  require  two  cam  shirfts. 

Prevention  of  undue  wear  on  shaft  and  pin  bearing  surfaces  is 
entirely  a  question  of  bearing  pressures  and  lubrication.  These 
bearing  pressures  are  all  subject  to  pretty  accurate  determination  by 
computation,  so  the  design  of  an  engine  with  excessively  high  bear- 
ing pressures,  judged  by  general  machinery  bearing  experience,  is  a 
pure  technical  mistake,  not  to  be  excused  by  the  admtion  of  elaborate 
forced  systems  of  pump  oil  supply.  Bearings  shoidd  be  lai^e  enough 
to  not  need  elaborate  special  oils  or  oil-apphcation  systems,  out  these 
should  be  added  to  make  assurance  doubly  sure,  in  short;  as  safety 
attachments,  not  as  essential  elements.  Weight  reduction  secured 
by  cutting  down  main  and  pin  bearings  is  too  dearly  bought  to  be 
worth  the  price.  Cylinder  and  piston  oearing  wear,  while  mvolvinff 
the  same  elements  as  main  bearings,  have  to  endure  the  additional 
difficidty  of  high  temperature,  but  this  is  not  serious  if  due  attention 
is  paid  to  the  principles  of  heat  abstraction.  Violation  of  these 
principles,  coupled  with  a  rise  of  side  thrusts,  a^avated  by  side  cock- 
ing that  follows  undue  shortening  of  pistons,  is  another  case  of  pure 
n^ect.  Pistons  should  be  as  long  and  as  thick  at  the  top  as  is  con- 
sistent  with  weight-speed  limits,  and  where  observance  of  these 
limits  fails  to  reduce  the  pressures  and  temperatures  to  values  known 
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to  run  properly  in  other  engines,  then  definite  special  remedies  can 
be  suggested,  only  one  of  which  is  excessive  use  of  lubricating  oil  and 
the  last  to  be  adopted  instead  of  the  first. 

Seizing  of  runmng  parts  at  bearing  surfaces  is  entireljr  a  question 
of  relative  size  or  of  clearances,  and  its  prevention  a  question  of  main- 
tenance of  the  cold  clearances  after  the  parts  become  heated,  which, 
of  course,  is  least  necessarv,  the  better  tne  provision  for  abstracting 
and  dissipating  the  heat  derived  from  combustion  or  developed  by 
friction.  Next  to  cooling,  which  in  main  and  crank  -pia  bearings  is  not 
attempted,  though  it  might  well  be,  and  which  in  cylinders  and 
pistons  is  their  Big  problem,  material  selection  is  most  important, 
some  materials  have  low  relative  frictional  coefficients  for  their 
lubricated  surface  and  are  properly  related  as  to  thermal  expansion. 
Nothing  better  than  the  soft-metal  lined  or  bronze  can  be  found  for 
steel  shafts  and  pins,  especially  as  these  expand  more  per  degree  rise 
than  the  steel,  so  heating  tends  to  loosen  and  oppose  seizing  by  assist- 
ing lubrication,  which  by  lowered  oil  viscosity  tends  to  Mcome  less 
effective.  The  boxes  must,  however,  be  stiff  enough  to  really  dis- 
tribute stress.  Piston  and  cylinder  bearing  surfaces  are  somewhat 
more  difficult,  as  the  outer  part,  the  cylinder,  is  normally  much  cooler 
than  the  inner  part,  the  piston.  The  temperature  difference  is  greater 
the  thinner  the  pistons,  and  the  difference  is  much  ^ater  than  in  the 
case  of  tne  standard  box  on  the  pin  or  shaft.  It  is,  therefore,  more 
neceesaryHo  care  for  these  clearances.  This  is  done  when  the  ma- 
terials are  the  same,  cast  iron  on  cast  iron,  by  making  the  initial 
clearance  high^  far  higher  than  would  be  feasible  on  shafts.  This 
tends  to  promote  side  knocks  and  leaks  at  part  load.  For  equally 
good  cooling  the  steel  cylinder  with  cast-iron  piston  gives  about  the 
same  expansion  relations  as  do  the  bronze  box  and  steel  shaft,  but 
not  such  good  antifriction  qualities.  Steel  selection  and  heat  treat- 
ment will  undoubtedly  lead  to  improved  antifrictional  results,  perhaps 
even  equal  or  superior  to  cast  iron,  after  proper  research.  This  seems 
to  be  a  rational  and  promising  line  of  development,  especially  if  the 
cylinders  are  kept  symmetrica,  as  they  can  be  with  head  valves. 

Reliability  so  far  as  carburation,  ignition,  mixture  distribution, 
and  cylinder  treatment  processes  are  concerned,  has  already  been 
discussed.  Any  derangement'  whatever  here  leads  to  impaired 
power  output  or  increased  and  perhaps  very  much  increased  fuel 
consumption.  Serious  derangement  of  these  processes  means  stop- 
page even  though  the  whote  engine  structure  be  perfect.  Most 
operating  troubles  are  directly  traceable  to  these  process  derange- 
ments,'miich  if  sufficient  in  degree,  mean  stoppage,  and  even  if  slight, 
constant  tinkering  and  anxiety. 

Adaptability  of  an  internal-combustion  en^e  to  aeronautic  service 
is  promoted  by  certain  features  of  the  engme  that  play  no  part  in 
metal  reduction,  in  mean  effective  pressure  and  efficiency  increases 
or  in  its  reUability,  though  of  course  low  weight  of  engine  and  of  fuel 
per  horsepower  are  themselves  adaptability  factors,  as  is  also  any 
element  oi  reliability. 

General  external  shape  and  position  of  points  of  attachment  are 
subject  to  a  far  wider  range  in  aero  than  m  auto  engines.  In  one 
respect  aero  adaptability  imposes  a  direct  requirement,  that  of  end 
shape  for  least  head  resistance.  Engines  directly  exposed  to  the  air 
or  their  casings  when  covered  have  a  relative  movement  always 
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approaching,  and  sometimes  exceeding,  100  miles  per  hour.  This 
must  always  impose  a  resistance  which  is  larger,  the  larger  the  end 
area  facing  the  direction  of  flight  and  the  less  smooth  the  exposed 
surfaces  are.  In  this  respect  the  rotating-ejrlinder  engines  are  hj 
far  the  worst  and  the  sinde  line  of  cylinders  oi  the  auto  type  of  multi- 
CTBJjJs.  engine  is  best,  neany  twice  as  good  as  the  V  engine  for  example. 
Air-cooled  engines  if  similarly  arranged  to  water  cooled  offer  more 
head  resistance  except  for  the  radiator  of  the  latter  which  may  be 
very  highly  resistant  but  is  not  necessarily  so.  But  apparently  the 
reqiiirements  of  low  head  resistance  is  losmg  in  importance,  at  least 
for  war  machines,  since  in  these  the  fuselage  is  roomy  enough  gen- 
erally to  accommodate  any  type  of  engine. 

Ease  of  starting  and  a  control  of  speed  are  also  required  of  aero  as 
of  automobile  ana  boat  engines,  but  with  some  elements  of  difference. 
Electric  self-starters  with  generator-motor  and  storage  batteries  are 
prohibited  by  weight  limits,  for  even  if  the  craft  could  carry  them 
their  weight  would  be  much  better  disposed  in  the  engine  by  adding 
either  more  horsepower  of  the  same  unit  weight,  more  fuel  for  the 
same  engine  to  make  longer  flights,  or  for  6qual  flights  and  engine 
power  by  using  a  heavier  ouilt  and  therefore  less  sensitive  engine  of 
longer  life.  Wnen  starting  from  the  ground  a  starting  crank  on  the 
shait  end  often  would  be  inaccessible  and  even  if  it  were  within  reach, 
engines  of  largepower  could  not  be  hand  rotated  against  their  normal 
compression.  It  has  been  a  general  practice  to  start  these  engines 
by  hand  turning  of  the  propeller  blades,  a  practice  that  is  most 
dangerous,  does  the  blades  no  good  and  certamly  requires  an  extra 
man  because  at  the  moment  of  starting  the  operator  must  be  in  his 
seat.  All  hand-starting  difficulties  are  removed  if  the  compression 
is  relieved  and  the  accessibility  of  a  starting  crank  can  be  met  with 
equal  ease  by  a  chain  and  sprocket  having  a  self-releasing  ratchet 
aud  hand  crank  on  a  short  auxiliary  shaft,  near  the  operator's  seat. 
It  may  therefore  be  regarded  as  necessary  that  aero  engines,  cer- 
tainljr  the  larger  ones,  and  this  means  most  of  all  if  not  all  of  those  to 
be  built  in  the  near  future,  be  provided  with  compression-release  cams, 
equivalent  to  those  so  long  used  on  hand-started  stationary  ensines 
and  lever  operated  from  the  seat.  This  same  compression  release 
gear  will  serve  as  a  speed  control,  should  speed  vanation  be  neces- 
sary, by  permitting  escape  of  part  of  the  charge  thou^,  of  course, 
witn  waste  of  gasoline.  It  serves  as  a  supplement  to  the  throttle 
valve  of  the  can>ureta,  and  which  is  not  so  wasteful  of  fuel.  Speed 
reduction  by  spark  retardation  should  not  be  practiced  on  aero 
engiaes,  though  a  starting  retard  is  necessary,  automatic  or  manual, 
because  of  the  serious  overheating  effects  that  follow,  and  aero 
engines  at  best  are  hard  enough  to  keep  cool  at  their  hi^n  speeds. 

Muffling  may  be  regarded  as  a  necessity,  however  much  free 
exhausts  nave. been  used  in  the  past,  and  whatever  unfavorable 
weight  and  power  effects  are  imposed  must  be  regarded  as  warranted. 
Noise  from  the  exhausts  of  so  many  cylinders  operating  at  higli 
speeds  becomes  a  loud  roar.  There  are  at  1,200  revolutions  per 
minute  from  the  20  cyUnders  of  the  Le  Rhone  engine,  for  example, 
600  X  20 « 12.000  air  impacts  per  minute,  and  at  2,400  revolutions 
per  minute  tne  eight  cyhnders  of  the  Sunbeam  engiae  ^ve  1,200  X  8  » 
9,600  impacts.  With  such  a  disturbance  cloFe  to  him  no  operator 
can  be  expected  to  keep  his  head  as  clear  for  the  serious  busmess  of 


Digitized  by 


Google 


296  AEBOKAT7IIC8. 

flying  as  if  the  noise  were  absent.  To  detect  engine  defects  by  the 
noise  changes  in  the  machine  before  they  become  serious  is  absomtdy 
impossible,  though  this  is  the  main  reliance  in  operating  any  other 
kind  of  machine.  Free  exhausts  must  be  classed,  ther^ore,  not  as 
annoyances  but  as  preventers  of  engine-trouble  detection,  no  matter 
what  the  type  of  machine,  and  for  military  machines  they  are  the 
finest  kind  oi  approach  signal  to  the  enemy,  being  audible  long  before 
the  machine  is  visible. 

Mufflers  can  be  made,  due  to  automobile  development,  that  are 
quite  effective  with  no  more  than  2  pounds  per  square  inch  back 
pressiu*e.  and  possibly  less.  Hiis  will  reduce  engine  output  2  per 
cent  if  tne  mean  effective  pressure  is  100  pounds  per  square  inch,  as 
it  is  in  aero  engines,  less  than  2  per  cent  for  higher,  and  more  for 
lower  mean  pressures.  The  weight  increase  is  almost  n^ligible, 
being  between  one-tenth  and  two-tenths  of  a.  pound  per  horsepower. 

Just  as  soon,  however,  as  mufflers  are  demanded  as  a  necessity  the 
rotating  cylinder  engine  must  be  changed  or  abandoned,  as  normaJly 
the  exhaust  valve  is  placed  in  the  center  of  the  head,  usually  held 
in  place  by  an  open  cage  screwed  to  the  cylinder,  discharging  directly 
into  the  air.  To  attach  a  muffler  will  require  a  change  oi  the  cage 
to  a  closed  form  with  pipe  attachment  and  additional  cooling  to  keep 
the  now  inclosed  valve  as  cool  as  the  open  one.  The  muffler  would 
have  to  be  disposed  symmetrically  about  the  shaft  and  inwardly 
radial  pipes  held  against  centrifugal  force  at  the  muffler,  fitted  to  the 
exhaust  cage  by  shp  ioints.  These  pipes  must,  moreover,  be  circum- 
ferentially  sunportea  to  prevent  distortion  by  variaole  angular 
velocities,  and:  they  will  impose  additional  windage  resistance.  The 
net  effect  will  be  a  greater  reduction  of  power  and  a  greater  increase 
in  weight  than  muffler  attachment  imposes  on  fixed  cylinder  engines. 

It  goes  without  saying  that  no  aero  engine  with  tanks  and  connec- 
tions complete  is  adapted  to  its  purpose  if  tilting  even  to  very  con- 
siderable degrees  interferes  with  its  operation,  and  if  it  stops  on 
tilting  to  any  an^le  that  is  remotely  possible  in  real  flying  it  certainly 
must  be  rejected  as  failing  in  adaptability.  There  is  considerable 
uncertainty  as  to  the  angle  and  direction  of  tilt  that  aero-enjgine 
adaptabiUty  requires,  but  the  15°  required  in  the  German  and  British. 
contests  seems  to  be  a  very  modest  requirement.  No  one  will  deny 
that  the  greater  the  angle  of  tUt  and  the  more  independent  of  direc- 
tion, the  better  the  adaptability  factor.  The  conditions  when  tilting 
in  flight  may  be  quite  different  from  those  existing  in  a  tilted  engine 
at  rest,  especially  when  the  motion  is  in  curves  developing  centrifugal 
forces  in  all  masses  as  well  as  in  the  lubricating  oil  and  fuel  feed 
system.  Therefore,  in  considering  engine  independence  of  tiltinfi^, 
rapid  change  of  motion  as  to  speed  and  direction,  but  especialfy 
direction,  must  be  included. 

Any  changes  of  direction  of  motion  that  the  planes  could  withstand 
can  have  no  appreciable  effect  on  the  motion  or  friction  of  the  moving 
masses,  but  the  effects  on  lubricating  oil  in  the  crank  case  or  separate 
tank  or  pipes  and  on  the  gasoline  m  the  carburetor  float  chamber, 
tank,  and  pipes  may  easily  be  as  great  as  in  extreme  tilting.  It  is 
quite  possiole  to  imagine  a  resistance  to  flow,  for  example,  purely 
gravitational  or  purely  centrifugal,  or  both,  j^reat  enougn  to  cause 
engine  trouble,  in  the  one  case  from  failure  of  the  carburetor  and  in 
the  otiier  from  overheating  of  bearings  robbed  of  oil,  or  from  flooding 
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of  oombustion  chamberB  whose  pistons  get  an  excess.  It  is  likewise 
possible  that  the  water-drculation  system  be  similarly  deranged  by 
opposition  to  circulation,  causing  steam  to  generate  in  a  jacket, 
expelling  all  water,  and  causing  an  overheating,  with  a  possibility  of 
a  crack,  or  by  a  drainage  of  water  from  the  radiator  vent.  If  an 
enmne  could  so  be  designed  that  it  could  work  on  end,  lyinfi^  on  its 
siae,  or  even  upside  down  for  a  short  time,  but  preferably  indefinitely, 
this  would  be  the  ideal.  No  such  possibility  is  in  sight,  though 
engines  are  now  operating  in  machines  moving  in  curves  and  circks 
in  norizontal  planes,  turning  the  engine  on  its  side,  but  centrifugal 
force  replaces  gravity  and  no  flows  are  disturbed.  Similarly,  looping 
or  circle  flying  in  a  vertical  plane  turns  the  engine  so  that  it  operates 
first  on  end  and  then  upside  down,  but,  as  oefore,  the  centrifugal 
force  replaces  gravitjr.  Such  is  not  the  case,  however,  in  a  steep 
climb  or  descent  nor  in  the  uptilting  of  one  end  of  the  plane  due  to 
wind  gusts.  Here  gravity  flows  are  disturbed  by  the  amount  of  side 
and  end  angle.  Crank  shafts  and  pin  bearings  must  receive  new 
and  end  thnists  which  are  not  difficult  to  handle  if  they  all  are 
properlv  joumaled. 
Crank-shaft  torque  that  is  most  uniform  is  best  adapted  to  pro- 

Seller  drives,  as  these  propellers  being  made  of  wood  for  Ughtness  may 
e  broken  by  sudden  torque  changes.  Such  changes  ako  reduce  the 
avers^e  propeller  efficiency  and  produce  reverse  rocking  forces  in  the 
machme  frame.  Any  engme  with  insufficiently  steady  torque  for  pro- 
peller safety  and  for  maintenance  of  nigh  average  efficiency  may  be 
adapted  by  addition  of  sufficient  fly-wheel  effect  oetween  engine  and 
propeller.  The  same  fly-wheel  effect  increases  the  crank-shaft  tor- 
sional distortion  and  crank  deflection  and  adds  to  engine  weight. 
Engines  that  can  give  sufficiently  uniform  torque  for  the  purpose 
without  fly-wheels  must  displace  others,  and  while  the  four  cylinders 
in  line  engine  seems  to  serve,  it  is  true  that  the  effort  falls  to  zero 
on  dead  center.  Anythiug  less  than  four  cylinders  is  out  of  the  ques- 
tion, because  the  gas-pressure  effort  is  entirely  absent  for  a  part  or  a 
whole  stroke  or  more.  Increase  of  number  of  cylinders  over  four 
makes  the  actual  effort  or  residtant  tangential  force  due  to  com- 
bined gas  pressure  and  reciprocating  inertia  forces  depart  less  and 
less  from  the  constant  mean  effort  and  minimizes  the  angular 
velocity  variations  of  the  propeller  without  any  other  fly  wheel 
than  itself.  From  this  standpoint  the  more  cylinders  the  better, 
though  from  others  discussed  this  is  not  the  case. 

Arrangement  of  a  given  number  of  cylinders  radially  about  one 
crank  produces  the  same  torque  curve  as  the  same  cylinders  in  line, 
provided  their  cranks  in  the  latter  case  are  separated  by  the  same 
angles  as  their  cylinder  axes  in  the  former.  When,  however,  these 
cyfinders  in  line  nave  cranks  parallel  in  pairs,  as  in  the  four  and  six 
crank  arrangements,  the  torque  will  not  be  as  uniform  as  when  these 
are  radially  disposea  about  one  crank.  It  appears,  however,  that  the 
6  cylinder  in  Ime,  6-crank  arrangement,  in  which  the  torque  never 
drops  to  zero,  is  quite  uniform  enough  tor  practical  work,  and  the  8 
and  12  cylinder  V  arrangements  are  progressively  better.  There  is 
no  reason  for  adopting  the  radial  arrangement  if,  as  is  the  case, 
other  objectionable  elements  are  introduced,  because  the  above  is 
good  enough  and  anything  better  not  worth  another  disadvantage. 
Comparison  of  turning  efforts  for  any  arrangement  of  cylinders  and 
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cranks  is  easy  if  they  be  plotted  to  a  crank  angle  or  crank  path 
base  by  the  usual  standard  methods.  Many  of  these  curves  nave 
already  been  worked  out  and  may  be  found  in  the  literature,  including 
the  inertia  as  well  as  gas-pressure  force  effects,  and  for  such  reference 
is  made  to  the  bibhograpny  in  the  appendix.  In  no  case  may  a  fly 
wheel  be  introduced  in  aero  engines  to  dampen  torque  vanations 
because  of  weight  liniitations. 

Balance  of  reciprocating  parts  in  view  of  .the  light  and  flexible  char- 
acter of  the  engme  supports  which  are  part  of  the  flying-machine 
structure,  is  probably  the  most  important  of  the  adaptability  fac- 
tors, because  lack  of  balance  means  free  shaking  forces  or  moments 
on  the  whole  system,  and  these  being  regular  and  periodic  may 

Eeriodically  synchronize  with  the  naturd  periods  of  wires,  struts,  and 
cams,  and  so  cause  displacements  of  such  increasing  amplitude  as 
may  be  responsible  for  rupture.  In  no  other  engine,  including  the 
automobile,  motor  boat,  and  even  the  light  shell  of  tne  racing  boat, 
which  comes  nearest,  is  the  support  so  frail  and  of  such  smeSi  mass 
capacity  for  absorbing  vibration  forces.  Therefore,  all  unbalanced 
forces  or  couples  and  the  full  displacements  or  vibration  of  the 
engine  as  a  unit  are  communicated  directly  to  the  flying-machine 
structure  practically  without  any  modification.  Moreover,  aesro 
engine  weight  being  so  small  m  comparison  with  other  engines,  its 
own  mass  resists  cUsplacement  by  its  free  unbalanced  forces  and 
couples  less  than  any  other.  For  these  reasons  good  balance  is 
essential  to  aero  engines,  but  absolutely  perfect  bakoice  is  not. 

Shaking  forces  and  moments  in  en^es  are  due  to  both  recipro- 
cating and  rotating  masses,  and  vibration  or  rocking  is  the  result  of  a 
fiulure  to  balance  these  forces  and  moments.  Shaking  forces  due 
to  rotating  masses  can  be  balanced  perfecthr  by  other  rotating 
masses  disposed  on  opposite  sides  of  the  shaft  center  with  proper 
numerical  relation  between  centers  of  gravity,  radii,  and  weights. 
If  the  plane  of  rotation  of  the  ori^al  rotating  mass  is  not  the  same 
as  that  of  its  balance  weight  or  weights,  then  mere  will  be  an  unbal- 
anced couple  even  if  the  centrifugal  forces  are  in  balance,  unless 
balancing  masses  be  disposed  properly  in  separate  planes,  themselves 
properly  related.  Due  observation  of  these  simple  and  well-known 
relations  make  it  a  perfectly  easy  and  simple  matter  to  balance 
rotating  parts  of  an  engine  by  adduig  suitably  disposed  extra  rotating 
balance  masses.  Such  dead  oalance  weights  are,  nowever,  prohibited 
by  the  service  requirements  pi  least  weight  per  horsepower,  so  the 
actual  rotating  working  parts  must  themselves  be  so  oisposed  as  to 
balance  each  other.  These  parts  include  the  cranks,  crank  pins,  and 
rod  ends  principally,  but  also  such  small  parts  as  the  cams.  If 
cranks,  pins,  and  rod  ends  are  balanced,  other  minor  rotating  parts 
may  be  neglected,  though  they  set  up  inevitably  some  small  ^akin^ 
forces,  especially  as  the  speeds  are  so  nigh,  and  these  forces  vary  with 
the  square  of  the  speed. 

Accordingly,  to  balance  centrifugal  forces  and  couples,  due  to 
cranks  and  their  attached  rotating  masses,  of  fixed  cylmder  engines 
similar  cranks  must  be  suitably  £sposed  with  r^erence  to  the  first. 
To  avoid  unbalanced  couples  with  balanced  forces  more  than  two 
such  cranks  are  necessary  and  in  different  planes.  Two  similar 
cranks  at  180°,  three  at  120°,  or  aoy  number  equallv  spaced  will 
result  in  force  balance,  because  each  introduces  an  equal  force  vector. 
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and,  the  sum  of  the  rector  angles  beuu;  300^,  these  vectors  will  form 
a  closed  equilateral  force  polygon,  which  means,  of  course,  a  zero 
resultant.  Each  set  of  such  ecjuaily  spaced  cranks  is  characterized 
by  a  free  couple,  to  balance  which  a  similar  and  opposite  couple  must 
be  introduced  by  adding  a  similar  set  of  cranlos  with  equal  but 
reversed  angular  spacing. 

Applying  this  reasonmg  to  fixed  cylinder  engines,  it  appears  that 
the  least  number  of  cranes  that  can  ^ve  couple  ana  force  balance  is 
four,  set  at  0^,  180^,  180^,  and  0^,  and  the  next  smallest  number,  six, 
set  at  0°.  120°,  240*",  240**,  120'',  and  O"*.  Of  course  any  multiples 
of  these  lour  and  six  crank  arrangements  will  also  vield  such  balance. 
This  indicates  a  condition  of  inferiority  of  the  meed  cylinders  star 
engine  with  many  cvhnders  circumferentially  disposed  about  each 
crank,  compared  to  tne  single-row  and  double-row  V  engines  of  equal 
number  of  cylinders.  These  star  arrangements  must  have  as  many 
multicylinder  stars,  each  working  on  its  own  crank,  as  the  single  and 
double  rows  of  parallel  arrangement  has  cylinders,  in  order  to  secure 
equally  good  rotating  mass  oalance.  This  would  impose  on  such 
fixed  star  cyUnder  engines  an  excessive  number  of  cyhnders,  unless 
crank  counterbalance  weights  were  introduced,  with  consequent  loss 
of  the  weight  advantage  otherwise  due  to  the  star  arrangement. 

Rotating  cylinder  star  engines  are  peculiar,  because  with  fixed 
cranks  all  parts  of  the  ^igine  are  rotatm^ — cylinders  and  frames  in 
purely  circular  paths,  pistons  and  wrist-pm  ends  of  rods  in  a  sort  of 
oval  path,  while  crank-pin  ends  of  rods  are  fixed.  According  to 
this  tne  cyhnder  and  frame  are  in  force  balance  when  axis  angles  are 
equal,  and  all  being  in  one  plane  there  is  no  unbalanced  moment. 
Tne  centrifugal  force  due  to  tne  rotation  of  the  piston  is  a  maximum 
and  radially  outward  when  the  piston  is  at  outcenter,  and  a  minimum 
at  the  incenter  position  with  regular  symmetrical  gradations  between. 
The  net  effect  is  a  resultant  force  constant  in  amount  and  direction 
acting  radially  outward  along  the  crank  and  exerting  a  lifting  action 
if  the  crank  points  up,  but  not  producing  any  vibration  so  long  as 
the  speed  is  constant.  From  the  balance  standpoint,  therefore,  the 
rotatmg  star  is  superior  to  the  fixed  star  arrangements,  but  is  no 
better  man  the  four  and  six  cranks  and  their  multiples  with  parallel 
rows  of  cylinders. 

Reciprocating  masses  of  fixed  cylinder  engines,  such  as  pistons, 
wrist  pms,  ancTan  appropriate  part  of  the  connecting  rod,  develop 
inertia  forces  for  uniform  rotary  motion  ot  the  crank  that  can  be 
expressed  by  an  equation  of  the  form  of  Fourier's  infinite  series,  each 
successive  term  being  proportional  to  a  trigonometric  function  of  a 
multiple  of  the  angle  of  rotation  from  inner  dead  center  and  to  in- 
creasing powers  of  the  ratio  of  crank  to  connecting  rod  length.  The 
reciprocating  inertia  force  of  one  set  of  reciprocating  parts  is  there- 
fore the  sum  of  an  infinite  number  of  forces  of  di£^rent  periods  or 
frequency,  the  first  being  largest  and  its  period  that  of  an  ^wne 
speed,  each  successive  one  being  smaller  ana  of  longer  period.  These 
reciprocating  forces  and  the  couples  due  to  them  must  be  balanced 
partectly  if  possible;  and  if  not,  as  well  as  possible.  The  forces  due 
to  valve  and  valve^ear  reciprocation  with  accelerations  determined 
by  cam  form  niay  be  neglected,  though  of  course  if  these  could  be 
balanced  in  a  simple  way  it  would  be  desirable. 
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Balance  of  main  reciprocating  forces  is  possible  only  by  opposing 
equal  and  opposite  masses  of  e(]^ual  simultaneous  acceleration,  or  by 
arran^g  reciprocating  masses  m  groups,  so  that  the  vector  sums  of 
their  mertia  forces  become  zero,  liiere  is,  however,  a  partial  balance 
possible  by  the  use  of  crank  coimterweights  or  otherwise  disposed 
rotating  masses  frequently  used  on  stationary  and  locomotive  engines, 
but  normally  prohibited  on  aero  engines,  on  the  principle  of  exclusion 
of  all  dead  weights,  even  for  balance  purposes.  A  rotating  crank 
counterweight  exerts  a  radial  centrifugal  force  which  may  be  resolved 
into  an  axial  and  a  right-angle  component.  This  axial  component 
may  be  made  equal  to  the  nrst-penod  inertia  force,  and,  being,  of 
course,  opposite,  it  serves  to  balance  this  force.  The  right-angle 
component  is,  however,  left  and  of  equal  intensity,  and  so,  of  course, 
are  all  higher  period  inertia  forces.  Such  counterweights  are  there- 
fore quite  useless  alone  for  flexibly  supported  engines,  though  when 
used  with  one  particular  combination  of  pistons  and  cylinders  they 
become  serviceable  without  very  great  weight  increases.  This  special 
case  is  that  of  two  cylinders  set  V  at  90°,  for  here  there  are  two  first- 
period  inertia  forces  at  right  angles,  which  are  in  balance  with  one 
counterweight,  of  mass  equivalent  to  one  of  them  for  first-period 
forces,  though  higher  period  forces  are  still  free. 

As  first-period  inertia  forces  are  similar  to  the  axial  components 
of  rotating  centrifugal  forces,  a  similar  grouping  of  multiples  serves  to 
produce  balance  enects.  Such,  for  example,  is  the  case  with  the 
four  parallel  cylinder  four-crajak  arrangements  in  which,  without 
balance  masses,  the  first-period  inertia  forces  are  balanced,  and,  of 
course,  also  in  tne  8-cylinder  V,  which  is  a  dupUcation  of  similar  parts. 

All  combinations  of  arrangements  of  reciprocating  parte  for 
parallel,  fixed  star,  and  rotatmg  star  cylinders  can  be  examined 
mathematically  or  graphically,  and  most  of  the  proposed  arrange- 
ments have  been  so  studied  and  are  reported  in  papers  and  books 
noted  in  the  bibliography  of  the  appendix.  Of  these  perhaps  the 
most  elaborate  is  that  of  B^olsch  in  his  book  published  in  1911,  where 
conclusions  are  reproduced  on  mass  balance  of  both  rotating  and 
reciprocating  parte.  Engines  that  are  in  complete  mass  balance 
without  introouction  of  balance  weights  include  the  fixed  cylinders 
6,  8, 12.  and  16  in  a  row  each  with  ite  own  crank,  the  12  and  16  in  two 
rows  V  with  two  cylinders  per  crank,  the  two  cylinders  opposed 
axes  in  line  with  two  cranks  and  its  multiple,  and  all  rotating  star 
cylinder  arrangemente  having  four  or  more  cylinders  per  star, 
'those  that  are  balanced  for  rotating  masses  and  for  the  first  period 
reciprocating  mass  forces  but  not  higher  ones,  without  balance 
weighte,  incmde  the  fixed  cylinder  engines  of  the  four  parallel  cylinder 
four-crank  arrangement  and  ite  twin  or  8-cylinder  V. 

Introduction  of  balance  masses  gives  complete  balance  to  fixed 
cylinder  star  engines  of  four  or  more  cylinders  and  a  balance  of  first- 
period  reciprocatine  inertia  forces  but  not  of  higher  ones  to  the 
2  and  4  cylinder  v  and  the  3-cylinder  fixed  star  radial.  This 
fundamental  need  of  balance  weignte  for  fixed  radial  cylinders  is 
also  mathematically  demonstrated  by  Milner,  who  says:  ''The 
engine  will  be  completely  balanced  for  primary  and  secondary 

forces  by  a  mass  -^  times  that  one  of  the  pistons  ("n  ==  number  of  cyl- 
inders") and  diametrically  opposite  and  same  radius  as  the  crank. 
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Of  course  this  is  in  addition  to  the  mass  required  to  balance  the 
rotating  parts  of  the  eneine.  The  rotating  cyUnder  enmie  ordinarily 
has  one  connecting  rod  heavier  than  the  others  which  itsdf  makes 
perfect  balance  impossible. 

More  cylinders  and  cranks  than  are  necessary  to  give  the  required 
torque  constancy,  or  the  required  balance,  or  the  total  power  within 
the  cylinder  diameter  limit  can  not  be  accepted.  Each  additional 
individual  cylinder  carries  with  it  sources  of  additional  trouble 
and  increases  the  chances  of  unreliability,  however  much  the  con- 
sequences of  failure  may  be  reduced.  l!ne  least  allowable  niunber 
on  this  basis  appears  to  be  4  fixed  cylinders  in  line  or  radial  fixed  or 
rotating.  The  maximtmi  should  be  6-cylinder  6-crank  in  Ime  for 
balance  or  S^linder  V  for  torque,  both  advantages  being  equal 
in  the  12-cylinder  V.  or  twin  6.  Of  course  the  rotating  cjrlinder 
engine  of  equal  numoer  of  cylinders  and  symmetrical  parts  is  just 
as  good  in  torque  and  balance,  and  even  a  lesser  number  down  to 
four  equal  in  balance,  though  deficient  in  torque,  but  these  rotating 
cylinders  are  in  no  way  superior  to  the  above  arrangement.  Stars 
£ixed  cylinders  of  ec[ual  number  are  equal  in  torque  to  the  same 
number  rotating  if  similarly  disposed,  but  inferior  m  balance  unless 
rotating  counterweights  are  introduced,  in  which  case  equality 
results. 

CONCLUSIONS  AND  BECOMMENDATIONS. 

In  the  following  brief  statement  of  recommendations  and  con- 
clusions, which  are  presented  in  the  form  of  a  list,  no  effort  is  made 
to  develop  arguments  in  support  of  each  because  it  is  believed  that 
the  text  and  appendices  of  tne  report  themselves  serve  as  sufficient 
support.  No  specific  type  of  engine,  form  of  part,  material,  or 
design  constant  is  recommended,  because  it  is  believed  that  atten- 
tion at  this  time  must  be  directed  mainly  to  methods  of  procedure 
that  will  lead  to  improvement.  Naturally  specific  recommenda- 
tions on  design  could  oe  made,  and  these  will  oe  available  at  such 
time  in  the  future  as  they  may  be  desired. 

1.  The  art  has  developed  several  typical  arrangements  of  engine 
and  several  different  designs  of  each  type  that  may  be  regarded  as 
of  proven  acceptability  as  to  weight  per  horsepower  of  engine  and 
thermal  efficiency,  but  which  require  considerable  work  to  perfect 
and  standardize  m  detail  and  material  without  any  further  inventive 
work  than  properly  constitutes  part  of  the  normal  routine  of  research 
and^  designing  engineers.  These  types  are  the  4  and  6  cylinders 
in  line,  each  with  its  own  crank,  the  8  and  12  cylinder  V  with  two 
cylinders  per  crank,  all  fixed  cylinders  and  operating  with  both  air 
and  water  cooUng,  preferably  the  latter,  for  long  flignte,  and  finally 
the  radial  star  rotating  air-cooled  cylinder  form  for  short  flights. 

2..  There  have  also  been  developed  a  very  large  number  of  special 
designs  of  engine,  which  in  some  instances  nave  neen  built  and  used 
but  m  others  remain  mere  suggestions.  Each  one  of  these  is  prac- 
tically an  invention  in  itself,  the  precise  practical  value  of  which 
remains  more  or  less  in  doubt.  To  properly  develop  the  good  points 
of  these  and  other  inventions  to  come,  and  to  reject  or  eliminate 
unfavorable  elements  that  are  always  present  in  new  maohines  that 
have  not  yet  stood  the  test  of  time,  much  work  must  still  be  done, 
quite  independent  of  the  research  work  so  necessary  for  final  perf ec- 
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tioD  and  standardization  of  the  now  acceptable  and  more  or  less 
lai^ely  used  types  noted  above. 

3.  Direct  governmental  aid  is  an  absolute  necessity  to  the  art. 
both  for  the  perfection  and  standardization  of  accepted  types  ana 
for  encouragement  of  further  invention.  Private  contributions 
should  also  be  encouraged,  whether  for  tise  in  connection  with  the 
governmental  establishment  or  independently. 

4.  There  should  be  a  regular  buying  program  providing  for  the 
purchase  of  a  fixed  minimum  number  of  aero  engines  yearfy,  to  en- 
courage existing  engine  builders  to  spend  the  money  necessary  to 
produce  what  is  wanted  to  meet  aviation  specifications^  because  the 
Dest  shops  will  not  enter  the  field  without  some  definite  assurance 
jof  a  fixed  amount  of  business,  for  which  they  are,  however,  quite 
willing  to  compete. 

5.  The  aviation  engineers  should  standardize  service  specifications 
for  engines,  limiting  we  specifications  strictly  to  those  items  that  bear 
directly  on  service,  so  d!esisners  and  builders  may  know  definitely 
what  conditions  must  be  fmfilled  without  being  hampered  with  pur- 
poseless limitations  as  to  the  means  to  be  used  oy  them. 

6.  The  Government  should  conduct  r«ular  annual  test  compe- 
titions of  engines  on  rules  to  be  preparea  and  widely  published  at 
least  10  montns  in  advance,  and  revised  yearly  immediately  following 
the  closing  of  the  previous  contest.  For  those  engines  that  make  the 
best  reconls,  substantial  rewards  must  be  provided  in  the  form  of 
cash  prizes,  or  buying  orders,  or  both.  These  cash  prizes  may  be 
provided  by  Government  appropriation,  by  private  contribution,  or 
Doth  together. 

7.  There  should  be  established  a  standardization  research  labora- 
tory with  a  permanent  staff  of  engineers  selected  for  efficiency.  This 
stMp  should  conduct  the  competition  tests,  over  not  more  tnan  two 
months  of  the  year,  including  the  reports,  and  during  the  rest  of  the 
time  should  carry  on  tests  for  design  and  performance  data  of  every 
engine  of  the  accepted  class  not-ed  m  No.  1,  but  of  no  others.  Other 
engines  are  to  be  admitted  only  on  the  recommendation  of  a  second 
laboratory  staff  devoted  to  development  of  invention  noted  in  No.  8. 

8.  There  should  be  established  a  laboratory  for  development  of 
inventions  submitted  by  anyone,  when  those  inventions  seem  prom- 
ising. This  staff  must  be  quite  independent  of  that  of  the  standard- 
ization research  laboratory  noted  in  No.  7,  and  should  preferably  be 
located  in  quite  a  different  place.  Its  engmeers  should  oe.  in  ability 
and  temperament,  quite  different  as  well.  When  in  this  laboratory 
an  engine,  engine  part,  or  accessory  not  in  the  accepted  class,  has 
been  brought  to  a  condition  where  its  performance  is  equal  or  superior 
to  what  is  in  the  accepted  class,  then  it  may  be  recommended  to  the 
standardization  research  laboratory  for  further  study  and  perfection. 

0.  In  at  least  one  of  the  Government  shops,  possibly  located  in  one 
of  the  navy  yards,  actual  construction  of  engines  of  the  accepted 
classes  should  be  undertaken  on  about  the  same  basis  as  is  now  fol- 
lowed for  ships,  the  military  shop  competing  with  civilian  shop  in 
price  and  performance.  Safeguards  must  be  introduced  to  prevent 
any  discouragement  of  private  enterprises  or  charges  of  unfairness  in 
this  competition. 

10.  Officers  and  enlisted  men  who  may  be  charged  with  the  care 
of  aero  engines  in  service  should  be  assigned  to  duty,  first,  in  the 
Government  aero  engine  shops,  then  in  both  the  standardization 
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research  and  the  inyention  development  laboratories,  and  finally  in 
the  engineering  office  noted  in  No.  11^  for  instruction. 

11.  There  should  be  established  a  staff  of  supervising  and  designing 
engineers  for  internal  combustion  engines.  This  staff  should  prepare 
all  purchasing  specifications,  prepare  engine  test  competition  rules, 
receive  and  use  all  standardization  data  from  liie  laboratory,  exercise 
general  direction  over  both  the  laboratoriesi  and  prepare  detailed 
orawinffl  for  the  shops. 

12.  'Hiere  should  oe  established  the  closest  possible  relation  be- 
tween aero-engine  development  and  that  for  other  classes  of  internal 
combustion  engines  in  which  the  militarv  now  has  or  may  in  the  future 
have  an  interest.  Among  these  are  included  submarine  engines,  ship 
and  launch  engines,  automobiles  and  auto  trucks,  gun  and  transport 
traction  engines,  and  stationary  electric  generation  sets  for  wireless, 
mine  firing,  searchlights  or  general  service.  The  same  designing 
staff,  laboratories,  and  shops  that  should  be  established  for  aero  en- 
^es  can  also  advantageously  undertake  similar  work  for  these  other 
mtemal  combustion  enmnes,*a8  most  of  the  fimdamentflJ  training, 
knowledge,  data,  methods^  and  skill  required  for  the  one  is  also  of  equal 
service  to  the  others.  Similarly,  officers  and  enlisted  men  of  those 
other  branches  of  the  service  can  bo  given  adequate  instruction  by 
temporarv  assignments  to  the  shop,  laboratories,  and  engineering  office. 

13.  Publicity  of  data  should  be  promoted  by  governmental  publi- 
cation of  reports  to  keep  alive  the  general  interest  in  the  needs  of  the 
MiUtary  Establishment  in  the  internal  combustion  en^gine  field, 
because  the  ^eater  the  interest  the  greater  the  contributions  of  the 
profession.  This  pubUcation  may  also  take  the  form  of  papers  pre- 
pared bv  en^neers  of  any  of  the  various  staffs  and  presented  to  the 
national  engmeeiing  societies.  Not  only  should  domestic  results  be 
thus  given  publicity,  but  all  foreign  papers  and  official  reports  of 
value  should  be  translated  and  republished.  Whenever  data  is 
regarded  as  being  strictly  military  in  value  and  where  publication  is 
therefore  deemed  inadvisable,  such  material  can,  of  course,  be  with- 
held, but  it  is  believed  that  in  general  both  Army  and  Navy  have 
more  to  gain  than  to  lose  by  piibhcity  of  engineering  data  on  engines. 

14.  It  is  regarded  as  of  the  utmost  importance  uiat  advantage  be 
taken  by  the  Government  of  the  service  of  such  civilian  engineers  as 
havegivenspecial  attention  to  the  study,  commercial  development^  and 
use  of  internal  combustion  engines  of  all  classes,  and  more  particularlv 
those  not  engaged  in  manufacturing,  though  not  excluding  tnoseof  hign 
professional  standing  that  may  be  so  engaged.  The  special  knowl- 
edge, skill,  and  expenence  that  these  men  canbring  immediately  to  the 
service  of  the  Mihtary  Establishment  should  prove  as  invaluable  here 
as  it  has  abroad,  in  Germany,  for  example,  first  in  organizing  the 
various  working  staffs  recommended  above,  and  later  in  working  with 
them.  Advantages  may  also  be  taken  of  the  laboratories  of  such  of 
the  engineering  schools  as  have  specialists  of  the  above  type  on  their 
faculties,  or  as  ma^  be  located  in  large  centers  where  such  men  not 
associated  with  engineering  schools  may  have  their  regular  offices. 

15.  No  recommendation  is  made  on  the  details  of  the  organization 
of  these  various  staffs  and  their  coordination  with  the  existing  Army 
and  Navy  Departments  and  bureaus  except  as  to  necessity. 

Note. — Part  3  omitted.    See  note  on  Preface,  page  187. 
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MESSAGE  OF  THE  PRESIDENT. 


To  the  Senate  <md  Hovse  of  Representatives: 

In  compliance  with  the  provisions  of  the  act  of  Congress  approved 
March  3,  1915  (naval  appropriation  act,  Public  No.  278,  68d  Cong.), 
I  transmit  herewith  the  Second  Annual  Beport  of  the  National  Ad- 
visoiy  Committee  for  Aeronautics,  for  the  fiscal  year  ended  June 
30, 1916. 

WooDRow  Wilson. 
Thb  White  House,  December  tf,  1916. 
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[Extract  from  Public  Act  No.  271.] 

In  the  naval  appropriation  act  (Public,  No.  271,  68d  Cong.]  ap- 
proved March  8,  1915,  the  following  provision  was  made  tor  a 
national  advisory  committee  for  aeronautics: 

An  advisory  committee  for  aeronautics  Is  hereby  established,  and  the  Presi- 
dent Is  authorized  to  appoint  not  to  exceed  twelve  members,  to  consist  of  two 
members  from  the  War  Department,  from  the  office  In  charge  of  military 
aeronautics ;  two  members  from  the  Navy  Department,  from  the  office  In  charge 
of  naval  aeronautics ;  a  representative  each  of  the  Smithsonian  Institution,  of 
the  United  States  Weather  Bureau,  and  of  the  United  States  Bureau  of  Stand- 
ards ;  together,  with  not  more  than  five  additional  persons  who  shall  be  ac- 
quainted with  the  needs  of  aeronautical  science,  either  civil  or  military,  or 
skilled  In  aeronautical  engineering  or  Its  allied  sciences:  Provided,  That  the 
members  of  the  advisory  committee  for  aeronautics,  as  such,  shall  serve  without 
compensation :  Provided  further.  That  It  shaU  be  the  duty  of  the  advisory  com- 
mittee for  aeronautics  to  supervise  and  direct  the  scientific  study  of  the  prob- 
lems of  flight,  with  a  view  to  their  practical  solution,  and  to  determine  the  prob- 
lems which  should  be  experimentally  attacked,  and  to  discuss  their  solution 
and  their  application  to  practical  questions.  In  the  event  of  a  laboratory  or 
laboratories,  either  In  whole  or  In  part,  being  placed  under  the  direction  of  the 
committee,  the  committee  may  direct  and  conduct  research  and  experiment  In 
aeronautics  In  such  laboratory  or  laboratories:  And  provided  further.  That 
rules  and  regulations  for  the  conduct  of  the  work  of  the  committee  shall  be 
formulated  by  the  committee  and  approved  by  the  President. 

That  the  sum  of  $5,000  a  year,  or  so  much  thereof  as  may  be  necessary,  for 
five  years  Is  hereby  appropriated,  out  of  any  money  In  the  Treasury  not 
otherwise  appropriated,  to  be  Immediately  available,  for  experimental  work 
and  Investigations  undertaken  by  the  committee,  clerical  expenses  and 
supplies,  and  necessary  expenses  of  members  of  the  committee  In  going  to, 
returning  from,  and  while  attending,  meetings  of  the  committee:  Provided, 
That  an  annual  report  to  the  Ck)ngress  shall  be  submitted  through  the  President, 
Including  an  Itemized  statement  of  expenditures. 
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LETTER  OP  SUBMITTAL. 


National  Advisort  Committee  fob  Aebonautigs, 

MUNSET  BuiLDIKO, 

Washmgton^  D.  C,  December  4j  1916. 
The  President: 

In  compliance  with  the  provisions  of  the  act  of  Congress  approved 
March 3, 1915  (naval  appropriation  act,  Public,  No.  278,  63d  Cong.), 
the  National  Advisory  Committee  for  Aeronautics  has  the  honor  to 
submit  herewith  its  second  annual  report,  including  estimates  and 
recommendations,  and  a  statement  of  expenditures  to  June  30,  1916. 

In  order  to  carry  out  its  purposes  and  objects  as  defined  in  the 
act  of  March  3, 1915,  the  committee  submits  herewith  certain  recom- 
mendations and  an  estimate  of  expenses  for  the  fiscal  year  ending 
June  30, 1918.  The  estimates  in  detail  were  submitted  through  the 
Secretary  of  the  Navy. 

Attention  is  invited  to  the  appendixes  of  the  committee's  report, 
and  it  is  requested  that  they  be  published  with  the  report  or  the 
committee  as  a  public  document. 

It  is  apparent  to  the  committee  that  there  is  a  large  aihount  of 
important  work  to  be  done  to  place  aeronautics  on  a  satisfactory 
foundation  in  this  country. 

Very  respectfuUy,  Charles  D.  Walcott, 

Chairman  Executive  Cormrdttee. 
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SECOND  ANNUAL  REPORT  OP  THE  NATIONAL  ADVISORY 
COBIMITTEE  FOR  AERONAUTICS. 


National  Advisort  CoMMirrEB  for  Aeronautics, 

MuNSET  Building, 
Washington^  Z>.  (7.,  December  4,  1916. 
To  the  Congress: 

In  accordance  with  the  provisions  of  the  act  of  Congress,  approved 
March  3,  1915,  establishing  the  National  Advisory  Committee  for 
Aeronautics,  the  committee  here  submits  its  second  annual  report. 

The  general  report  reviews  the  work  of  the  committee  during  the 
past  year,  and  contains  estimates  for  the  fiscal  year  1918  and  cer- 
tain recommendations  for  the  consideration  of  Congress.  Technical 
reports  covering  various  subjects  under  investigation  during  the 
past  year  are  submitted  as  appendices. 

NATIONAL  ADVISORT  COMMITTEE  FOR  AERONAUTICS. 

The  National  Advisory  Committee  for  Aeronautics  was  established 
by  Congress  by  act  approved  March  8,  1915.  Under  the  law,  the 
committee  is  charged  with  the  supervision  and  direction  of  the 
scientific  study  of  the  problems  of  flight  with  a  view  to  their  practi- 
cal solution,  and  the  determination  of  the  problems  which  should  be 
experimentally  attacked,  their  solution,  and  their  application  to 
practical  que^ions  of  aeronautics.  In  the  event  of  a  Isiborator^  or 
laboratories,  either  in  whole  or  in  part,  being  placed  under  the  direc- 
tion of  the  committee,  the  committee  may  direct  and  conduct  re- 
search and  experiments  in  aeronautics  in  such  laboratory  or  labora- 
tories. 

The  committee  has  12  members,  appointed  by  the  President.  As 
authorized  by  Congress,  the  personnel  of  the  committee  consists  of 
2  members  from  the  War  Department,  from  the  office  in  charge  of 
military  aeronautics;  2  members  from  the  Navy  Department,  from 
the  office  in  charge  of  naval  aeronautics;  a  representative  each  of  the 
Smithsonian  Institution,  of  the  United  States  Weather  Bureau, 
and  of  the  United  States  Bureau  of  Standards;  and  not  more  than 
5  additional  persons  acquainted  with  the  needs  of  aeronautical 
science,  either  civil  or  military,  or  skilled  in  aeronautical  engineering 
or  its  allied  sciences. 

During  the  past  year  there  was  one  change  in  the  membership  of 
the  committee,  caused  by  the  retirement  of  Lieut.  Col.  Samuel  Reber, 
United  States  Army,  who  was  succeeded  on  the  committee  by  Lieut. 
Col.  George  O.  Squier,  United  States  Army,  as  officer  in  charge  of 
the  Aviation  Section  ox  the  Army. 

9 


Digitized  by 


Google 


10  AEBONAUTIOS. 

The  organization  of  the  Advisory  Committee,  as  of  October  5, 
1916,  is  as  follows : 

Prof.  William  F.  Durand,  chairman. 

Naval  Constructor  H.  C.  Richardson,  United  States  Navy,  secre- 
tarv. 

Prof.  Joseph  S.  Ames. 

Capt.  Mark  L.  Bristol,  United  States  Navy. 

Prof.  John  F.  Hayford. 

Prof.  Charles  F.  Marvin. 

Hon.  Byron  R.  Newton. 

Prof.  IM&chael  I.  Pupin. 

Brig.  Gten.  George  P.  Scriven,  United  States  Army. 

Lieut.  Col.  George  O.  Squier,  United  States  Army. 

Dr.  S.  W.  Stratton. 

Dr.  Charles  D.  Walcott. 

RELATION  OF  WORK  OF  THE  ADVISORY  COMMITTEE  TO  ARMY 

AND  NAVY. 

In  the  course  of  the  past  year  a  number  of  problems  of  importance 
to  the  Army  and  Navy  have  come  to  the  attention  of  the  committee, 
and  steps  have  been  taken  toward  aiding  these  departments  in  arriv- 
ing at  solutions  of  the  problems  presented.  Beport  No.  11  on  gaso- 
line carburetor  design,  which  has  just  been  prepared,  and  an  investi- 
gation of  air  propellers,  which  is  about  to  be  inaugurated  by  the 
committee,  will  both  be  of  value  to  the  military  branches  of  the 
Government.  In  the  exercise  of  its  function  for  securing  coopera- 
tion the  committee  has  enlisted  the  interest  of  the  Bureau  of  Stand- 
ards in  the  determination  of  the  characteristics  of  the  materials 
entering  into  airplane  construction  and  in  particular  into  the  con- 
struction of  air  propellers,  and  the  Bureau  of  Standards  is  already 
engaged  on  these  problems.    Through  its  subcommittee  on  motive 

Eower,  the  Advisory  Committee  has  effected  an  active  cooperation 
etween  the  Government  departments  concerned  and  the  Society  of 
Automobile  Engineers,  which  it  is  expected  will  at  an  early  date 
enable  the  committee  to  place  valuable  information  at  the  disposal 
of  the  Government  departments  and  the  aeronautic  industry  in 
general. 

AERIAL  POSTAL  SERVICE. 

At  the  annual  meeting  on  October  5, 1916,  a  representative  of  the 
Post  Office  Department  was  present,  at  the  request  of  the  committee, 
and  informed  the  committee  of  the  imsuccessf ul  efforts  of  the  Post 
Office  Department  to  inaugurate  an  aerial  postal  service  in  Alaska 
and  from  New  Bedford  to  the  island  of  Nantucket. 

It  was  apparent  that,  although  aviation  has  made  great  strides  in 
the  past  two  years,  the  conditions  of  both  of  these  routes  were  so 
severe  as  to  deter  responsible  bidders  from  undertaking  this  service. 
After  discussion  of  the  entire  matter,  the  committee  concluded  that 
the  time  has  arrived  when  it  is  perfectly  practicable  to  inaugurate 
such  air  service,  and  recommends  to  Congress  that  the  Post  Office 
Department  be  authorized  to  establish  one  or  more  experimental 
routes,  with  a  view  to  determining  the  accuracy,  frequency,  and 
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rapidity  of  transportation  which  may  reasonably  be  expected  under 
normal  and  favorable  conditions,  and  therefrom  to  determine  the 
desirability  of  extending  this  service  wherever  the  conditions  are 
such  as  to  warrant  its  employment. 

The  Advisory  Committee  will,  if  called  upon,  assist  and  advise 
the  Post  Office  Department  in  the  undertaking  above  reccnnmended. 

WORK  OF  THE  COMMITTEK 

During  the  past  year  the  Advisory  Committee  has  held  two  meet- 
ings— on  October  16,  1915,  and  April  20,  1916.  The  business  trans- 
acted at  these  meetings  appears  under  the  various  subjects  treated  in 
this  report.  At  the  meeting  on  October  15, 1915,  the  regulations  were 
amended  to  prpvide  that  the  secretary  or  the  Advisory  Committee, 
who  had  been  ex  officio  secretary  of  the  secretary  of  the  executive 
committer  be  made  a  full  voting  member  of  the  executive  com- 
mittee. This  amendment  was  approved  by  the  President  on  Octo- 
ber 25,  1915.  At  the  meeting  on  April  20,  1916,  the  committee 
adopted  an  amendment  to  the  regulations  changing  the  date  of  the 
annual  meeting  to  the  Thursday  after  the  first  Monday  in  October 
in  order  to  enable  it  to  give  consideration  to  the  preparation  of  esti- 
mates of  expenses  for  tne  following  fiscal  year,  which  are  reauired 
by  law  to  be  submitted  by  October  15  of  each  year.  This  cnange 
was  approved  by  the  President  under  date  of  April  27,  1916. 

THE  EXECUTIVE  COMMITTEE. 

For  carrying  out  the  work  of  the  Advisory  Committee  the  refla- 
tions provide  for  the  election  annually  of  an  executive  committee 
to  consist  of  seven  members  and  the  secretary,  ex  officio.  The  or^ni- 
zation  of  the  executive  committee,  as  of  October  5,  1916,  is  as 
follows : 

Dr.  Charles  D.  Walcott,  chairman,  Secretary  Smithsonian  Insti- 
tution. 

Naval  Constructor  H.  C.  Eichardson,  United  States  Navy,  secre- 
tary. 

Prof.  Joseph  S.  Ames,  physicist,  Johns  Hopkins  University. 

Capt.  M.  L.  Bristol,  United  States  Navy. 

Prof.  Charles  F.  Marvin,  Director  United  States  Weather  Bureau. 

Prof.  Michael  I.  Pupin,  physicist  and  electrical  engineer,  Colum- 
bia University. 

Lieut.  Col.  George  O.  Squier,  United  States  Army. 

Dr.  S.  W.  Stratton,  Director  Bureau  of  Standards. 

The  program  of  work  approved  by  the  Advisory  Committee  was 
entrusted  to  the  executive  committee  for  execution.  Hie  executive 
committee  was  directed  to  consider  a  program  of  investigation  and 
procedure  intended  to  carry  into  effect  the  purposes  of  the  act  cre- 
ating the  Advisory  Committee  and  to  report  the  same  with  recom- 
mendations. The  executive  committee  accordingly  held  regular 
monthly  meetings  throughout  the  year,  and  in  addition  held  three 
special  meetings.  The  reports  of  work  done  by  the  executive  com- 
mittee and  its  recommendations  have  been  approved  by  the  general 
committee  and  are  incorporated  into  this  report. 
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To  facilitate  the  work  of  the  committee  the  following  subcommit- 
tees were  formed  and  progress  has  been  made  on  the  general  lines 
indicated  in  the  designations  of  these  committees : 

Belation  of  the  atmosphere  to  aeronautica 

Standardization  and  investigation  of  materials. 

Aeronautical  nomenclature. 

Radiator  design. 

Motive  power. 

Specifications  for  aeronautic  instruments. 

Design,  construction,  and  navigation  of  aircraft. 

Site  for  experimental  field. 

Governmental  relations. 

Bibliography  of  aeronautics. 

TECHNICAL  REPORTS. 

During  the  past  year,  owing  to  the  very  limited  funds  available 
for  the  use  of  the  committee,  only  one  contract  for  a  special  report 
was  placed.  This  was  for  an  investigation  and  report  on  the  sub- 
ject of  gasoline  carburetor  design.  Technical  Reports  Nos.  8  to  12, 
inclusive,  are  submitted  herewith  as  appendixes. 

Report  Na  8  prepared  by  the  subcommittee  on  specifications  for 
aeronautic  instruments,  covers  the  subject  of  general  specifications 
for  aeronautic  instruments.  The  object  of  uiis  report  is  to  ac- 
quaint manufacturers  with  the  types  of  instruments  required  for 
aeronautic  purposes  and  the  conditions  to  be  met  in  the  uses  of  these 
instruments  in  connection  with  the  navigation  and  operation  of 
aircraft. 

Report  No.  9,  covering  the  subject  of  aeronautical  nomenclature, 
was  prepared  by  the  subcommittee  on  aeronautical  nomenclature. 
The  subcommittee  charged  with  its  preparation  very  thoroughly  in- 
vestigated the  new  terms  which  have  come  into  use  with  the  de- 
velopment of  aviation  and  after  consideration  of  such  limited  con- 
tributions as  were  available  on  this  subject,  and  the  comments  of 
aviators  of  the  Army  and  Navy,  and  of  manufacturers,  adopted 
this  nomenclature  for  the  purpose  of  eliminating  the  confusion  that 
has  already  come  into  existence  in  the  use  of  aeronautical  terms.  In 
the  preparation  of  this  nomenclature,  it  appeared  unnecessary  to 
define  any  terms  already  well  established  in  other  branches.  Par- 
ticularly, it  appeared  unnecessary  to  define  such  terms  as  are  familiar 
to  all  users  of  automatic  engines;  so  that  the  nomenclature  adopted 
by  the  committee  principally  comprises  terms  that  are  peculiar  to,  or 
new  in,  aeronautics. 

Report  No.  10  is  a  preliminary  report  of  progress  in  the  design 
and  construction  of  a  suitable  form  of  muffler  for  aeronautic  engines. 
This  is  a  rather  difficult  problem  and  requires  a  large  amoimt  of  ex- 
perimental work.  In  this  preliminary  report  it  is  pointed  out  that 
there  are  other  than  exhaust  noises  to  be  contended  with  even  more 
difficult  of  elimination.  This  special  report  was  prepared  and  sub- 
mitted l^  Profs.  H.  Diederichs  and  G.  B.  Upton,  of  Cornell  Uni- 
versity, Ithaca,  N.  Y.,  under  contract  made  in  June,  1915.  As  defi- 
nite results  have  not  as  vet  been  attained,  experimental  work  and 
investigation  will  be  further  pursued  during  the  present  fiscal  year. 
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Hep<Mrt  No.  11,  previously  referred  to,  is  a  very  complete  and 
valuable  report  on  gasoline  carburetor  design  and  tiirows  light  on 
a  rather  neglected  subject.  This  special  report  was  prepar^  and 
submitted  by  Prof.  Charles  E.  Lucke,  oi  Columbia  University, 
New  York,  N.  Y. 

Report  No.  12,  entitled  ^^  Experimental  researches  on  the  resistance 
of  air,"  by  L.  Marchis,  professor  in  the  Faculty  of  Sciences  of 
Paris,  is  an  admirable  resume  of  the  status  of  experimental  re- 
search at  the  present  time.  It  is  not  an  original  paper,  having  been 
translated  from  the  French  by  Prof.  William  F.  Durand,  a  member 
of  the  committee. 

A  report  on  the  "Physics  of  the  air"  has  been  prepared  by  the 
sabcommittee  on  the  relation  of  the  atmosphere  to  aeronautics  and 
printed  in  pamphlet  form  by  the  Smithsonian  Institution.  This 
report  should  be  valuable  to  aviation  oflScers,  who  obviously  desire 
to  know  the  causes  of  atmospheric  phenomena,  as  well  as  to  prac- 
tical aviators,  as  many  of  the  results,  especially  those  ^ven  in 
tables  and  diagrams,  are  in  form  for  quick  and  easy  use  by  uie  prac- 
tical pilot.  The  report  as  published  is  an  abstract  from  the  com- 
plete report  of  that  material  which  is  of  special  interest  to  navigators 
of  the  air. 

GENERAL  PROBLEMS. 

-  The  problems  enumerated  in- the  first  annual  report  of  the  com- 
mittee constituted  the  program  of  work  during  the  past  year.  These 
problems  are  considered  of  immediate  importance,  and  will  be 
attacked  on  a  larger  scale  by  the  committee  as  soon  as  funds  are 
made  available  for  the  purpose. 

A.  Stability  as  determined  bt  mathematical  investigations. — 
The  work  inau^rated  by  Asst.  Naval  Constructor  J.  C.  Hunsaker, 
United  States  Navy,  on  these  lines  has  been  extended,  and  is  now 
being  carried  <mi  by  Prof.  A.  Klemin,  who  has  succeeded  Naval  Con- 
structor Hunsaker  at  the  Massachusetts  Institute  of  Technology. 
Prof.  Klemin  is  endeavoring  to  reduce  this  problem  to  a  practical 
form,  which  will  permit  ox  the  determination  of  the  proper  pro- 
portions of  the  different  elements  of  the  airplane  design  m  order 
to  insure  the  desired  qualities,  and  it  is  expected  the  committee  will 
be  able  to  obtain  a  report  on  this  work  during  the  coming  year. 

B.  AiBL  SPEED  METERS. — A  number  of  engineers  are  engaged  in 
solvinffthis  problem,  and  a  preliminary  design  has  been  worked  out 
at  theWashmgton  Navy  Yard,  and  has  shown  fair  results  in  actual 
service.  Upon  the  completion  of  experiments  the  data  relative  to 
same  will  be  available  to  the  committee. 

C.  Wing  sections. — ^No  direct  investigation  bearing  on  the  im- 
provement of  the  form  of  the  wing  itself  has  been  made,  but  work 
of  considerable  interest  has  been  carried  out  at  the  Massadiusetts 
Institute  of  Technology  under  the  direction  of  Naval  C<Mistructor 
Hunsaker,  and  reports  have  been  published  in  a  number  of  aero- 
nautical papers  and  in  Smithsonian  Miscellaneous  Collection,  volume 
62,  No.  5,  June  30,  1916.  These  reports  include  discussions  of  the 
advantages  to  be  ^ined  by  changiQg  the  relations  and  proportions 
of  the  upper  and  lower  wings  in  a  biplane  arrangement  and  also 
theeffects  produced  in  the triplane arrangement.    Investigationsshow 
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that  by  ffiving  the  upper  wing  a  strong  stasger  and  a  larger  angle 
of  attack  than  the  lower  wing  it  is  poesible  to  obtain  practically 
any  desired  degree  of  stiffness  longitudinally,  and  this  can  be  done 
even  without  the  use  of  stabilizing  tail  planes.  This  contribution 
places  this  feature  of  design  in  a  very  satisfactory  condition,  analo- 
^us  to  that  of  the  design  of  ships,  in  which  the  metacentric  height 

15  made  to  suit  the  conditions  of  service.  It  appears  that  for  general 
service,  and  particularly  for  military  service,  an  airplane  having  a 
very  nioderate  longitudinal  stiffness  and  ample  controls  for  modify- 
ing the  attitude  of  the  machine,  combined  with  proper  damping  sur- 
faces, affords  the  most  satisfactory  soluticm. 

D.  Engines. — ^In  addition  to  the  investigation  of  mufflers  re- 
ported last  year,  the  committee  has  inaugurated  an  investigation 
of  the  subject  of  ^soline  carburetors,  but  otherwise,  due  to  the 
limited  funds,  no  direct  investigations  have  been  carried  on  by  the 
committee.  However,  the  results  of  the  meeting  of  June  8,  1916, 
when  the  committee  held  an  open  conference  with  representatives 
of  several  manufacturers  of  aeronautic  engines,  have  rapidly  ac- 
cumulated, and  through  cooperation  with  the  Society  of  Automobile 
Engineers,  through  uie  subcommittee  on  motive  power,  the  com- 
mittee is  closely  m  touch  with  engine  development  and  is  cooperat- 
ing in  every  manner  possible,  principally  by  bringing  the  War  and 
Navy  Departments  in  close  touch  with  this  society,  and  thereby  the 
manufacturers,  so  that  many  of  the  problems  of  engine  design  are 
already  well  in  hand. 

E.  Propellers. — Very  recently  the  propeller  problem  has  assumed 
considerable  importance,  due  to  the  difficulties  experienced  with 
wooden  propellers  handling  large  power  at  high  speeds  of  revolu- 
tion. This  problem  has  been  particularly  serious  in  the  air  service 
of  the  War  Department  on  the  Mexican  border  because  of  the  severe 
climatic  conditions,  which  have  seriously  affected  the  life  of  the 
propellers.  These  problems  are  principally  problems  of  mechani- 
cal construction  and  not  problems  of  design  mvolving  the  form  of 
the  propellers  or  their  efficiency,  and  on  the  latter  subject  no  progress 
has  been  made,  so  far  as  is  known  to  the  committee,  and  no  satisfac- 
tory engineering  data  is  available  for  design  purposes. 

The  ccHnmitt^  has  just  entered  into  a  contract  with  Prof.  William 
F.  Durand,  which  will  be  carried  out  at  Leland  Stanford  Junior 
University,  for  an  investigation  of  models  of  propellers  with  a  view 
to  establishing  engineering  data  for  design. 

F.  Form  op  airplane. — ^This  has  already  been  referred  to  un- 
der "A.'' 

G.  Radio  telegraphy. — ^No  particular  progress  is  reported  on 
this  line,  although  both  the  War  and  Navy  Departments  have  car- 
ried on  investigations  on  these  lines,  and  considerable  success  has 
been  attained  in  recent  experiments  in  the  Army. 

The  Navy  has  also  experimented  at  Guantanamo  and  carried  on 
work  at  Pensaoola.  The  Bureau  of  Steam  Engineering  of  the  Navy 
Department  has  also  provided  a  number  of  airplane  radio  sets,  and 
the  Bureau  of  Standards  has  developed  a  radio  direction  indicator 
which  will  be  given  practical  trials  in  the  naval  service  at  an  early 
date. 
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PHYSICAL  PROBLEMS. 

Besides  the  more  general  problems,  the  following  problems  of  a 
physical  rather  than  aeronautical  nature  are  of  particular  interest. 
These  problems  were  noted  in  the  first  annual  report,  but,  owin^  to 
the  lacK  of  funds,  very  little  progress  has  been  made  toward  their 
solution  during  the  past  year. 

A.  NoNcoRBOSiVE  MATERIALS. — Investigation  of  noncorrosive  mate- 
rials at  the  Bureau  of  Standards  has  b^n  continued,  but  no  report 
is  yet  available. 

B.  Flat  and  cambered  surfaces. — ^No  progress  is  reported. 

C.  Terminal  connections. — ^No  additional  progress  is  reported. 

D.  Characteristics  op  constructive  materials. — ^This  work  has 
been  begun  by  the  Bureau  of  Standards,  but  no  report  is  yet  avail- 
able. 

E.  Generation  of  hydrogen. — ^The  Bureau  of  Steam  En^neeriiig 
of  the  Navy  Department  has  taken  up  this  work  in  connection  with 
the  installation  of  hydrogen  plants  aboard  ships,  but  no  report  is 
available. 

F.  Standardization  or  nomenclature. — ^This  subject  is  covered 
by  Report  No.  9,  which  accompanies  this  report 

6.  Standardization  of  specifications  for  materials. — ^This  sub- 
ject is  an  extremely  broad  one  and  is  being  handled  bv  the  committee 
in  cooperation  with  the  Society  of  Automobile  Engineers.  One 
promiment  manufacturer  of  aircraft  has  already  developed  a  very 
good  set  of  specifications  for  his  own  use,  but  these  specincations  are 
more  or  less  particular  in  form,  because  of  the  present  unusual  con- 
dition of  the  material  market. 

H.  BiBLioGRAPHT  OF  AERONAUTICS. — ^Negotiations  are  under  w^ay 
for  the  issuance  of  a  report  bringing  this  subject  up  to  date. 

I.   COLLBCnON,   REVISION,   AND    ISSUANCE   OF   REPORTS    COVeriug   the 

state  of  the  art  of  aeronautics  have  not  been  undertaken  as  it  now 
appears  probable  that  it  will  be  unnecessary  because  of  the  number 
of  ffood  publications  which  already  exist. 

«!.  Limitation  of  size. — ^No  steps  have  been  taken  by  the  com- 
mittee toward  the  solution  of  this  problem.  An  interesting  article 
on  this  subject  by  F.  W.  Lanchester,  member  of  the  British  Advisory 
Committee  for  Aeronautics,  is  noted  in  the  Scientific  American  of 
June  3, 1916. 

K.  Causes  of  accidents. — ^Although  this  problem  is  a  serious  one, 
the  committee  has  not  been  able  to  inaugurate  the  work  proposed. 

CO-OPERATION  WITH  AERONAUTIC  INDUSTRY. 

At  the  meeting  of  the  executive  committee  on  May  11, 1916,  an  im- 
portant step  was  taken  when  it  was  decided  to  invite  representatives 
of  different  aeronautic  en^e  manufacturers  to  be  present  at  a  meet- 
ing of  the  executive  committee,  to  discuss  the  en^ne  problem  the  com- 
mittee with  a  view  to  bringing  out  clearly  the  difficulties  encountered 
b^  manufacturers  in  meeting  the  exacting  demands  of  aviators  and 
with  a  view  to  a  more  complete  understanding  between  the  builders 
and  users  of  aeronautic  engines.  According^,  the  executive  com- 
mittee held  a  public  session  on  June  8,  1916,  at  which  were  present 
representatives  of  various  manufacturers  of  aeronautic  engines  and 
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in  addition  to  the  members  of  the  committee  representing  various 
Government  branches,  there  were  also  present,  on  invitation  of  the 
committee,  special  representatives  of  the  War  and  Navy  Departments 
familiar  with  the  practical  problems  involved  in  the  use  and  develop- 
ment of  aeronautic  engines.  The  Naval  Consulting  Board  of  the 
United  States  was  also  represented. 

The  proceedings  of  this  meeting,  being  of  great  interest  to  the 
aeronautic  industry  in  general,  have  been  given  wide  circulation  by 
the  committee.  One  of  the  results  of  the  meeting  has  been  the  inau- 
guration of  an  important  movement  for  the  development  of  satisfac- 
tory aeronautic  engines.  This  will  undoubtedly  serve  to  stimulate 
cooperation  between  the  Government  departments — ^the  principal 
users  of  aircraft  at  present — and  the  principal  producers  of  aero- 
nautic engines.  Thus^  the  Advisory  Committee  has  already  inaugu- 
rated one  of  the  most  important  services  for  which  it  was  established. 
Through  the  agency  of  the  thoroughly  established  organization  of 
the  Society  of  Automobile  Engineers,  many  of  the  steps  which  im- 
peded progress  in  the  development  of  the  automobile  should  be 
avoided  in  the  further  development  of  the  aeronautic  engine,  and 
powerful  and  competent  agencies  brought  to  bear  to  aid  in  the  solu- 
tion of  difficult  problems. 

From  such  information  as  the  committee  is  able  to  obtain,  it  now 
appears  that  the  aeronautic  engine  problem,  which  was  in  an  un- 
satisfactory condition  a  year  ago,  has  greatly  improved. 

STANDARDS  OF  WORK. 

The  Government  agencies  fully  appreciate  the  necessity  of  th© 
adoption  of  standards  of  work  and  are  taking  steps  toward  the  secur- 
ing of  such  standards.  It  is  of  the  greatest  importance  that  the 
manufacturers  of  aircraft  should  work  m  harmony  with  the  Govern- 
ment, at  present  the  principal  consumer,  and  that  they  should  come 
to  definite  agreements  as  to  the  standards  of  work  necessary  to  facili- 
tate production  and  repairs.  The  committee,  through  the  subcom- 
mittee on  motive  power,  is  assisting  in  this  work  of  cooperation. 

EXISTING   FACILITIES    FOR   AERONAUTIC    INVESTIGATIONS    IN 
GOVERNMENT  DEPARTMENTS. 

Limited  facilities  for  aeronautic  investigations  in  Government 
departments  were  reported  in  the  first  annual  report,  and  it  is  antici- 
pated that  extensive  additions  to  the  existing  facilities  will  be  de- 
veloped during  the  year  1917. 

QUARTERS  FOR  THE  COMMITTEE. 

In  the  appropriation  for  the  expenses  of  the  committee  for  the 
fiscal  year  1917,  provision  was  made  for  the  rental  of  quarters.  The 
committee  reports  that  quarters  in  the  Munsey  Building,  adequately 
meeting  the  needs  of  the  committee  at  present,  have  been  secured. 
However,  the  increase  in  work  contemplated  by  the  committee,  and 
authorized  in  the  last  appropriation,  will  require  additional  office 
space,  and  the  committee  recommends  that  the  amount  for  oflSce  rent 
be  increased  as  indicated  in  the  estimates  of  expenses  for  the  next 
fiscal  year. 
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FINANCIAL  BSPOWr. 

Out  of  the  appropriation  of  $5,000  for  the  expenses  of  the  com- 
mittee for  the  nscal  year  1916,  the  committee  reports  expenditures 
and  obligations  during  the  year  amounting  to  $4,904.28,  itemized  as 
follows: 

Bwpenditure$  and  obliff^tioni  Incurred  under  appropriation  **Adti$orv  Com- 
miitee  for  Aerofum$ie$,  ldl$/* 

TraTellng  expenses $862.  TO 

Farnltnre  and  equipxneiit 868. 5T 

Printing ^ * ^ . 41d.60 

Stationery 52.42 

Telegrams : 6.99 

Clerical  services 1, 200. 00 

Special  report  (Carburetor  Inreatlgation  by  Prof.  Charles  B.  Lneke, 
of  Columbia  University,  New  Y<^rk.  N.  Y.) 2,000.00 


Total 1 4, 904. 28 

Balance  turned  into  Treasury 96. 72 


Amount  of  appropriation 6, 000. 00 

ESTIMATES  AND  RECOMMENDATIONS. 

The  lollowii)^  estimates  of  expenses  for  the  fiscal  year  1917-18 
have  been  sabmitted  foy  the  committee  in  due  form: 

For  scientific  research,  technical  investigatloiis,  and  special  reports  in  the 
field  of  aaronauttcs»  including  the  necessary  laboratory  and  technical  assistants ; 
traveling  expenses  of  members  and  employees;  rent  (office  In  the  District  of 
Columbia  not  to  exceed  tljSOO) ;  office  supplies,  printing,  and  other  miscellaneous 
expenses ;  clerks ;  draftsmen ;  personal  services  in  the  field  and  in  the  District 
of  Columbia :  Provided,  That  the  sum  to  be  paid  out  of  this  appropriation  for 
clerical,  drafting,  watchmen,  and  messenger  service  for  the  fiscal  year  ending 
June  thirtieth,  nineteen  hundred  and  eighteen^  shall  not  exceed  ft2,000 ;  in  aU« 
$107,000. 

It  is  strongly  recommended  by  the  committee  that  the  next  appro- 
priation for  the  direction  and  conduct  of  research  and  experun^it  in 
aeronautics,  and  the  conunittee's  work  in  general,  be  mode  in  lump 
sum  with  limitations  only  on  clerical  and  o&afting  services  and  office 
rent  in  the  District  of  Columbia. 

For  the  fiscal  year  1916-17  there  was  appropriatad  $86,000,  as 
follows,  which  became  available  August  29, 1916: 

Traveling  expenses  of  members  and  employees. '. 92, 000 

2  technical  assistants,  at  $2,500  each-:^^ 90, 000 

1  clerk .    1, 500 

1  clerk , 1.000 

1  draftsman 2, 000 

1  draftsman . ^^    1, 000 

2  laborers,  at  fOSO  each 1, 820 

8  mechanics,  at  $1,200 8,600 

15,420 

Rental  of  office ^    1, 200 

Supplies 7, 800 

Special  reix>rts«^-^«.«^^a -. 5,  OOO 

Movable  combination  field  office^   machine  shop,  dynainometer  shed, 

hangar,  and  power  plant ^ — -—  15,000 

Dynamometer  carriage  and  truck 18,000 

Airplane,  including  motor 10, 000 

Transmiaslon  dynamometer.^.^** — ...^*...*.*...*^ * ^..    1, 000 

7280B*— S.  Doc.  660, 64-2 2 
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Ripograph , $1, 000 

Stabilizer 1, 500 

Anemometera,  barographs,  inclimometers,  Inddeace  indicators 1,500 

Miscellaneous  supplies,  spare  parts  for  operation  of  field  plant 5, 580 

Total 85, 000 

Owing  to  the  many  changes  that  have  occurred  in  the  rapid 
advance  in  the  development  of  the  art  of  aeronautics,  it  will  be 
necessary  to  obtain  further  authority  before  a  considerable  portion 
of  this  appropriation  can  be  used  to  the  best  advantage.  The  com-  . 
mittee  thereiore  also  recommends  that  authority  be  granted  to 
expend  any  remaining  balances  of  the  appropriation  for  the  fiscal 
year  1916-17  under  the  same  terms  recommended  for  next  year's 
appropriation.  This  would  leave  the  committee  free  to  use  its  funds 
in  the  most  effective  manner  and  transmit  to  Congress  an  itemized 
account  of  expenditures  in  its  annual  report. 

CONCLUSIONS. 

The  carrying  on  of  the  work  authorized  in  the  last  appropriation 
depends  largely  on  the  availability  of  a  suitable  field  for  the  location 
of  the  field  laboratory  and  its  equipment  In  the  last  appropriation 
for  the  War  Department  Congress  authorized  the  securing  of  fields 
for  Army  purposes,  and  the  VTbt  Department  has  called  on  this  com- 
mittee for  its  advice  respecting  the  conditions  governing  the  selec- 
tion of  a  suitable  site  for  a  proving  ground  for  aircraft. 

It  seems  to  the  committee  that  considerable  advantage  would  be 
gained  if  the  site  selected  for  the  War  Department  would  also  be 
such  as  to  be  suited  to  the  requirements  of  this  committee,  as  well 
as  to  the  Navy  Department,  and,  with  this  purpose  in  view,  the 
committee  has  solicited  the  advice  of  both  the  Navy  and  War  De- 
partments in  this  matter.  As  a  result  the  committee  has  been  able 
to  advise  each  as  to  the  requirements  of  the  other  and  of  this  com- 
mittee in  the  location  of  such  a  proving  ground,  and  the  site  finally 
selected  by  the  War  Department  met  witn  the  approval  of  that  de- 
partment and  of  this  committee.  Neither  this  committee  nor  the 
Navy  Department  has  authority  or  funds  available  for  purchasing 
a  site^  the  War  Department  only  having  authority  and  funds. 

It  IS  contemplated  that  a  part  of  any  site  selected  bv  the  War 
Department  may  be  made  available  for  certain  uses  of  the  Nav^ 
Department  and  of  this  committee,  or,  if  this  is  not  approved,  addi- 
tional territory  adjoining  the  War  Department  site  can  be  obtained 
for  these  purposes. 

The  committee  strongly  recommends  that  the  activities  of  the 
War  and  Navy  Departments  and  of  this  committee  on  these  lines 
should  be  carried  out  in  as  close  proximity  as  is  possible,  to  their 
mutual  interest  and  the  advantage  of  the  Government. 

The  site  contemplated  by  the  Army  is  on  a  branch  of  the  Chesa- 
peake Bay,  sufficiently  remote  from  the  entrance  of  the  bay  to  in- 
sure reasonable  immunity  from  interference  due  to  the  operations 
of  a  possible  enemy.  The  location  is  such  as  to  be  readily  accessible 
to  Government  officials  located  in  Washington  who  have  tne  direction 
of  the  important  developments  contemplated.  It  is  also  reasonably 
accessible  to  the  principal  manuf  acturmg  centers  of  the  East,  and 
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therefore  to  the  principal  manufacturers  who  are  interested  in  the 
production  of  the  devices  necessary  to  the  War  and  Navy  Depart- 
ments. 

The  climatic  conditions  are  t^nperate  and  well  suited  to  the  pur- 
poses intended,  permitting  of  work  all  the  year  around.  The  loca- 
tion is  also  such  as  to  afford  unusual  facility  for  the  development 
of  aircraft  and  their  accessories  suited  to  work  on  land  and  water 
under  nearly  all  conditions  which  must  be  met  in  service.  This 
feature  alone  makes  it  very  desirable  from  the  point  of  view  of  both 
the  War  and  Navy  Departments,  as  the  development  of  aircraft 
suited  to  operation  from  rough  water  is  one  of  the  most  important 
problems  requiring  solution  in  both  services. 

The  committee  feels  that  if  the  activities  of  the  War  and  Navy 
Departments  and  of  this  committee  can  thus  be  concentrated  at  or 
near  one  station  the  greatest  good  will  result,  and  therefore  rec<Hn- 
mends  tliat  in  the  legislation  for  the  War  and  Navy  Departments 
and  for  this  committee  everything  that  would  tend  toward  the  ac- 
oomplishing  of  this  concentrated  effort  be  givan  tiie  most  careful 
consideration. 
Bespectfully  submitted. 

WnjJAM  F.  DuRAKD,  CKaifrTMin. 
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GENERAL  SFECDICATIONS  COVERING   REQUIREMENTS 
OP  AERONAUTIC  INSTRUMENTS. 

By  The  National  AoyiBosr  GoiiMirm  vob  Axborautxcs. 


INTRODUCTION. 

For  the  information  of  those  concerned  with  the  use  or  production 
of  instruments  used  in  the  navigation  and  operation  of  aircraft^  the 
following^  general  Ust  and  specifications  hare  been  prepared  with  a 
view  to  mdicating  the  lines  on  which  development  is  required,  and 
the  restrictions  and  difficulties  to  be  overcome  in  the  design  and 
construction  of  aeronautical  instruments: 

Barometer  or  altimeter. 

CompaaB. 

Air  speed  meter. 

Inclinometer. 

Drift  meter. 

Tachometer. 

Oil  gauge. 

OU  preaBore  gauge. 

Gasoline  ff&uge. 

Gasoline  Bow  indicator. 

Distance  indicator. 

Barograph. 

Anffle  of  attack  indicator. 

BadiaUv  temperature  indicator. 

Gasoline  feed  system  pressure  indicator. 

Sextant. 

Airplane  director. 

GENERAL  REQUIREMENTS. 

AH  indicating  instruments  required  in  the  navigation  of  aircraft 
should  be  as  compact,  rugged,  and  li^ht  as  is  consistent  with  accuracy, 
reliability  and  durabiUty,  and  with  ease  of  reading.  Such  instru- 
ments must  be  free  from  the  influence  of  the  following  disturbing 
effects,  excepting,  of  course,  those  ^ects  on  which  they  depend  for 
tbeir  operation,  viz,  vibration,  change  of  altitude  and  change  of  tem- 
perature. 

BAROMETER  OR  ALTDCETEB. 

Barometers  or  altimeters  must  be  sensitive  and  of  open  scale,  and 
the  lag  in  their  operation  should  be  the  absolute  minimum  obtainable. 
When  operating  in  a  fog  it  is  essential  that  the  distance  above  the 
surface  should  be  known  within  very  close  limits.  Such  instru- 
ments, of  course,  are  dependent  on  barometric  pressure  and  on  varia- 
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tions  of  barometric  pressure  from  the  time  of  the  start  of  a  flight 
mitil  tiie  completion  of  a  flight,  which  can  not  be  provided  for,  but 
aside  from  this  error  their  indications  should  be  substantially  accurate 
once  they  are  adjusted  at  the  point  of  departure.  It  is,  therefore, 
necessary  that  the  scale  should  oe  of  equal  divisions,  as  otherwise  a 
change  of  zero  to  meet  change  of  barometric  height  will  introduce  an 
error.  Their  location  on  the  airplane  must  be  carefully  chosen  so 
that  their  indications  will  not  be  mfluenced  by  the  velocity  pressures 
in  flight. 

COMPASS. 

Compasses  shoiild  have  as  high  a  directive  force  as  is  consistent 
with  restricted  dimensions.  Provision  should  also  be  made  in  the 
compass  mounting  for  compensating  for  the  presence  of  magnetic 
material  in  the  construction  of  the  airplane,  particularly  compensa- 
tion for  heeling  and  dipping  errors.  In  order  that  the  du*ective  force 
shall  not  be  abnormally  reduced  bv  such  compensation^  it  is,  of 
course,  desirable  that  the  structure  should  avoid  the  use  of  magnetic 
materials  in  moving  parts  near  the  compass  location,  such  as  the 
contnrol  columns,  shafts,  and  leads. 

AIR  SPEED  METER. 

An  air  speed  meter  should  indicate  reliably  the  speed  through  the 
air,  and  should  be  free  from  the  effects  of  accelerations,  as  when  the 
machine  is  banking  strongly  in  a  turn  the  effect  of  gravitation  is 
augmented  by  the  presence  of  the  centrifugal  force.  As  the  sustaining 
power  of  an  airplane  is  dependent  upon  the  density  of  the  atmos- 
phere, it  is  considered  that  air  speed  meters  which  are  dependent  on 
the  pressure  due  to  velocity  will  be  a  safer  form  of  indicator  than  a 
true  anemometer  type. 

It  is  essential  that  the  indicators  shall  be  particularly  sensitive  and 
have  an  open  scale  reading  at  velocities  approaching  a  stalling  speed, 
which  is  the  lower  limit  of  safe  flying  speed.  It  is  also  necessary 
that  they  should  indicate  high  speeds  accurately,  in  order  that 
excessive  speed  may  be  avoided  when  gliding.  Excessive  speed  in 
gUding  involves  danger  when  a  machine  is  brought  up  too  sharply,  as 
the  combination  of  high  speed  and  the  maximimi  lift  factor  may 
readily  stress  the  machme  beyond  safe  limits.  Also,  when  flying  at 
high  speed  the  angles  of  attack  are  small,  and  there  is  danger  of  the 
airplane  entering  a  critical  condition  in  which  the  flow  of  air  may 
develop  radical  changes  of  state,  and  consequently  great  changes  in 
the  lifting  power  avfulable.  Air  speed  meters  should  be  capable  of 
calibration  immediately  prior  to  a  fliight.  Air  speed  meters  of  the 
Pitet  type  dependent  on  a  fluid  are  subject  to  gravitational  errors 
when  banking.  They  are  also  subject  to  error  due  to  heeling  or 
diving.  Unless  the  leads  from  the  Pitot  tube  to  the  indicating 
instruments  are  sufficiently  hu^e,  there  is  also  danger  of  a  serious  lag 
in  indications. 

INCLINOMETER. 

Inclinometers  of  the  pendulum  or  spirit-level  tvpe  are  inaccurate 
in  the  presence  of  accelerations  and  are  only  useful  as  a  general  check 
as  to  the  attitude  of  the  machine  when  dying  in  a  fog.  It  is  verv 
desirable  that  an  indicator  free  from  these  defects  should  be  devel- 
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oped.  A  gyroscopic  base  line  is  considered  desirable  not  only  for 
purposes  of  indicating  inclination  but  as  affording  a  base  line  for 
sighting  and  for  the  use  of  instruments  of  navigation. 

DRIFT  METER. 

Drift  meters  are  of  two  types — one  designed  for  the  i>urpose  of  indi- 
cating leeway  over  the  surface  for  use  in  connection  with  navigation, 
and  tne  other  more  properly  termed  "side  slip  indicator"  for  the 
purpose  of  indicating  whether  or  not  the  machine  is  flying  square  to 
the  wind.  The  latter  designation  is  considered  preferable  for  indi- 
cating the  attitude  of  the  machine.  For  nayigatmg  over  the  groimd 
the  course  is  readily  determined  by  ascertaining  the  a|>parent  motion 
of  objects  on  the  surface,  and  the  same  method  is  available  for  navi- 
gating over  the  water,  provided  there  is  a  definite  object  on  which  to 
sight.  One  type  of  drift  meter  indicates  by  the  strealdng  of  waves 
across  the  objective  glass  of  the  instrument  as  apparent  drift,  but  as 
the  particles  of  the  waves  themselves  which  indicate  this  steeaUng 
have  a  velocity  of  their  own,  such  indications  are  subject  to  error,  fi 
the  surface  wmd  direction  or  velocity  were  known,  correction  might 
be  made,  but  when  flying  at  an  altitude  of  several  thousand  feet  it 
is  very  likely  that  the  airplane  itself  may  be  in  an  entirely  different 
current  of  air  than  that  present  at  the  surface.  In  addition  to  this, 
tidal  currents  may  also  affect  the  velocity  of  the  water  particles. 
Two  forms  of  side  sUj)  indicators  exist,  the  simplest  form  being  that 
of  the  well-known  string  or  pennant,  but  the  latter  can  not  be  used 
satisfactorily  in  the  wake  of  a  tractor  propeller.  The  other  type  con- 
sists of  a  very  sensitive  pendulum  "^icn  indicates  whether  or  not 
lateral  accelerations  are  present,  as  will  be  the  case  for  a  machine 
which  is  not  properly  balanced  laterally,  but  such  an  instrument  is 
subject  to  the  defect  that  if  the  machme  is  side  slipping  laterally 
at  a  constant  speed,  lateral  acceleration  is  no  longer  present.  It  can 
only  be  depended  on  to  indicate  initial  disturbances. 

TACHOMETER. 

Tachometers  should  be  absolute  in  their  indications,  and  if  elec- 
trical should  not  be  subject  to  disturbances  in  the  conductivity  of 
circuits  from  any  cause,  or  to  deterioration  of  magnetism  of  a  per- 
manent magnet. 

OIL  GAUGE. 

Oil  gauges  must  definitely  indicate  the  amount  of  oil  present  in 
the  crank  case. 

OIL-PRESSURE  GAUGE. 

Oil-pressure  gauges  must  accurately  indicate  the  pressure  in  the 
oil  system  and  should  also  indicate  that  the  flow  of  oil  is  undis- 
turbed. 

GASOLINE  GAUGE. 

Gasoline  gauees  should  indicate  the  amount  of  gasoline  available 
in  the  main  tames,  and  should  not  depend  on  the  visibility  of  gaso- 
line in  a  glass  tube,  as,  due  to  the  transparency  of  ^fasoiine,  a  full 
tank  and  an  empty  tank  would  give  the  same  indications.  Me- 
chanical indicators  are  considered  preferable. 
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GASOUNE-FLOW  INDICATOB. 

Oasoline-flow  indicators  should  depend  on  mechanical  means  of 
indicating  that  the  gasoline  is  being  supplied  from  the  main  tanks 
to  the  service  tanks. 

DISTANCE  INDICATOB. 

For  navu^tion  at  sea  or  over  unknown  country^  it  is  desirable  that 
a  record  of  distance  flown  through  the  air  should  be  available.  If 
it  were  not  for  the  fact  that  the  slip  of  the  propeller  depends 
largely  on  the  load  of  the  machine,  and  whether  or  not  the  machine 
is  climbing  or  gliding,  an  engine  counter  would  serve  this  pur- 
pose, but  it  is  considered  preferable  to  have  a  counter  or  recorder 
actuated  by  an  anemometer  for  this  purpose.  In  either  case,  actual 
distance  over  the  surface  will  require  correction  for  the  wind  velocity 
and  direction. 

BAROiSRAPH. 

Barographs  are  subject  to  the  same  general  specifications  as 
altimeters. 

ANGLE  OF  ATTACK  INDICATOR. 

An  an^le  of  attack  indicator  should  be  dead  beat,  free  from  the 
effects  of  gravitation,  and  accurately  respond  to  and  indicate  any 
change  of  the  direction  of  flow  of  air  to  the  supporting  surfaces.  It 
shoukl  be  light,  ragged,  and  its  indications  should  be  clearly  l^;ible 
to  the  pilot.  It  shoula  be  designed  for  attachment  in  advance  of 
the  wings  on  a  tractor  biplane  and  dear  of  the  influence  of  the 
propeller  or  the  body. 

RADUTOR  TEMPERATURE  INDICATOR. 

A  radiator  temperature  indicator  should  be  readily  inserted  in  the 
top  of  the  radiator  and  should  clearly  indicate  the  best  operating 
temperatures.  The  thermometer  should  conform  to  best  practice, 
and  die  entire  instrument  be  sufficiently  rugged  to  withstand  rea- 
sonable vibration  and  shock. 

GASOLINE  FEED  SYSTEM  PRESSURE  INDICATOR. 

Where  the  gasoline  feed  is  not  gravitational,  the  indications  of 
the  pressure  available  must  be  accurate.  The  gasoline  feed  system 
pressure  indicator  must  not  be  affected  by  vibration  or  change  of 
temperature.    It  must  have  a  good  scale  and  a  dead-beat  action. 

SEXTANT. 

Sextants  should  be  as  light  and  small  as  possible  commensurate 
with  proper  accuracy.  A  sextant  for  measuring  the  altitude  of  a 
heavenly  body  above  a  horizontal  plane  without  the  use  of  the  sea 
horizon  or  an  artificial  horizon  would  be  most  desirable. 

AIRPLANE  DIRECTOR. 

An  airplane  director  for  the  mechanical  solution  of  the  course  and 
distance  made  good,  based  on  the  course  and  speed  of  the  aeroplane 
and  the  force  and  direction  of  the  wind,  is  a  desirable  development. 
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NOMENCLATURE  FOR  AERONAUTICS. 

By  The  National  Advxsobt  CoMMirrEE  fob  Asbonautios. 


INTRODUCTION. 

For  the  informaticm  of  those  interested  m  aeronautics  the  follow- 
ing nomenclature  has  been  prepared  as  a  guide,  with  a  view  to  elim- 
inating the  duplication  of  terms,  the  erroneous  use  of  terms,  and 
confusion  of  terms,  and  with  a  view  to  defining  the  principal  terms 
which  have  come  into  use  in  the  development  of  aeronautics.  In  the 
preparation  of  this  nomenclature  only  those  terms  have  been  defined 
which  are  new  and  peculiar  to  this  subject 

ARBONAUTICAL  NOMBNCLATURE. 

AEROFoni*.  A  thin  wing-like  structure,  flat  or  curved,  designed  to  ob- 
tain reaction  upon  its  surfaces  from  the  air  through  which  it 
moves. 

Abbofi.aks:  See  airplane. 

Aileron  :  A  movable  auxiliary  surface  used  for  the  control  of  rolling 
motion — ^i.  e.,  rotation,  about  the  fore  and  aft  axis. 

Aircraft:  Any  form  of  craft  designed  for  the  navigation  of  the  air — 
airplanes,  balloons,  dirigibles,  helicopters,  kites,  kite-balloons, 
omithopters.  gliders,  etc. 

AiRFUkNE :  A  form  of  aircraft  heavier  than  air  which  has  wing  sur- 
faces for  sustentation,  with  stabilising  surfaces,  rudders  for  steer- 
ing, and  power  plant  for  propulsion  through  the  air.  This  term 
is  commonly  used  in  a  more  restricted  sense  to  refer  to  airplanes 
fitted  with  landing  gear  suited  to  operation  from  the  land.  If 
the  landing  ^r  is  suited  to  oi>eration  from  the  water  the  term 
'^  Seaplane^'  is  used.  (See  definition.) 
Ptteher. — ^A  type  of  airplane  with  the  propeller  or  propellers  in 

rear  of  the  wings. 
Tractor. — ^A  type  of  airplane  with  the  propeller  or  propellers  in 
front  of  tiie  win^ps. 

AiR-SFBBD  meter:  An  instrument  desired  to  measure  the  velocity 
of  an  aircraft  with  reference  to  the  air  through  which  it  is  moving. 

Ajltimeter  :  An  instrument  mounted  on  an  aircraft  to  continuously 
indicate  its  height  above  the  surface  of  the  earth. 

Anemometer:  An  instrument  for  measuring  the  velocity  of  the  wind 
or  air  currents  with  reference  to  the  earth  or  some  fixed  body. 

81 


Digitized  by 


Google 


32  AEBONAUnOS. 

Angle  : 

Of  attack. — ^The  anjple  between  the  direction  of  the  relative  wind 
and  the  chord  of  an  aerofoil,  or  the  fore  and  aft  axis  of  a 
body. 
Critical. — ^The  angle  of  attack  at  which  the  lift  is  a  maximum. 
GUding. — ^The  angle  the  flight  path  makes  with  the  horizontal 
when  flying  in  still  air  under  the  influence  of  gravity  alone. 
Aspect  batio:  The  ratio  of  spread  to  chord  of  an  aerofoiL 
Aviator  :  The  operator  or  pilot  of  heavier-than-air  craft   This  term 

may  be  applied  equally,  regardless  of  the  sqx  of  the  operator. 
Axes  OF  an  AntCRArr:  Tnree  fixed  lines  of  reference;  usually  cen- 
troidal  and  mutually  rectangular. 

The  principal  longitudinal  axis  in  the  plane  of  symmetry,  usu- 
ally parallel  to  the  axis  of  the  propeller,  is  called  the  fore  and  aft 
axis  (or  longitudinal  axis) ;  the  axis  perpendicular  to  this  in  the 
plane  of  symmetry  is  called  the  vertical  axis;  and  the  third  axis, 
perpendicular  to  the  other  two,  is  called  the  athwartship  axis  (or 
transverse  or  lateral  axis).  In  mathematical  discussions  the  first 
of  these  axes  is  called  the  X  axis,  the  second  the  Z  axis,  and  the 
third  the  Y  axis. 
Ballonet:  a  small  balloon  within  the  interior  of  a  balloon  or 
dirigible  for  the  purpose  of  controlling  the  ascent  or  descent,  and 
for  maintaining  pressure  on  the  outer  envelope  to  prevent  defor- 
mation. The  ballonet  is  kept  inflated  with  air  at  the  required 
pressure,  under  the  control  of  a  blower  and  valves. 
BalijOOn:  a  form  of  aircraft  comprising  a  gas  bag  and  a  car, 
whose  sustentation  depends  on  the  buoyancy  of  the  contained  gas, 
which  is  lighter  than  air. 
Captive. — ^A  balloon  restrained  from  free  flight  by  means  of  a 

cable  attaching  it  to  the  eardi« 
Kite. — ^An  elongated  form  of  captive  balloon,  fltted  with  tail 
appendages  to  keej)  it  headed  into  the  wind,  and  deriving  in- 
creased lift  due  to  its  axis  beinff  inclined  to  the  wind. 
Bank:  To  incline  an  airplane' laterally — i.  e.,  to  rotate  it  about  the 
fore  and  aft  axis.    Kight  bank  is  to  incline  the  airplane  with  tiie 
right  wing  down. 
Banking  budder  :  See  Aileron, 

Barograph  :  An  inistrument  used  to  record  variations  in  barometric 
pressure.  In  aeronautics  the  charts  on  which  the  records  are  made 
are  prepared  to  indicate  altitudes  directly  instead  of  barometric 
pressure. 
Biplane:  A  form  of  of  airplane  in  which  the  main  supporting  sur- 
face is  divided  into  two  parts,  one  above  the  other. 
BoDT  OF  AN  airplane:  a  structure,  usually  inclosed,  which  contains 

in  a  stream-line  housing  the  power  plant,  fuel,  passengers,  etc. 
Gabre  :  A  flying  attitude  m  which  the  angle  of  attacks  is  greater  than 

normal;  tail  down;  down  by  the  stem — ^tail  low. 
Camber:  The  convexity  or  rise  of  a  curve  of  an  aerofoil  from  its 
Chord,  usually  expressed  as  the  ratio  of  the  maximum  departure 
of  the  curve  from  the  chord  as  a  fraction  thereof.  "  Top  Camber" 
refers  to  the  top  surface  of  an  aerofoil,  and  **  Bottom  Camber  ^  to 
the  bottom  surface ;  ^  Mean  Camber  "  is  the  mean  of  these  two. 
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CAPAcrrr: 

Lifting. -^ThA  mftzimum  flyii^  load  of  an  aircraft. 
Carrytng. — ^Excess  of  the  ufting  capacity  over  the  dead  load  of 
an  aircraft,  which  latter  includes  structure,  power  plant,  and 
essential  accessories. 
Cabrtino  capacitt:  See  Capacity. 

Center  :  The  point  in  which  a  set  of  effects  is  assumed  to  be  accu- 
mulated producing  the  same  effect  as  if  all  were  concentrated  at 
this  point 
Of  lyaoycmcy. — ^The  center  of  gravity  of  the  fluid  displaced  by 

the  floating  body. 
Of  pressure  of  an  aerofoil. — ^The  point  on  the  chord  of  an  element 
of  an  aerotoil,  prolonged  if  necessary,  through  which  at  any 
instant  the  line  of  action  of  the  resultant  air  ^rce  passes. 
Of  pressure  of  a  body. — ^The  point  on  the  axis  of  a  body^  pro- 
longed if  necessary,  through  which  at  any  instant  the  Ime  of 
action  of  the  resultant  air  force  passes. 
Chord: 

Of  an  aerofoil  section. — A  right  line  tansent  to  the  under  curve 

of  the  aerofoil  section  at  the  front  ana  rear. 
Length. — ^The  lensth  of  the  chord  is  the  length  of  the  aerofoil 
section  projected  on  the  chord,  extended  if  necessary. 
Controls  :  A  general  term  applying  to  the  means  provided  for  op- 
erating the  devices  used  to  control  speed,  direction  of  flight,  and 
attitude  of  an  aircraft. 
Critical  angle:  See  Angle,  Critical. 

Decalage:  An  increase  m  the  an^lar  setting  of  the  chord  of  an 
upper  wing  of  a  biplane  with  reference  to  the  chord  of  the  lower 
wmg. 
Developed  area  of  a  propeller  :  A  layout  of  the  area  of  a  propeller 
blade  designed  if>  represent  the  total  area  of  the  driving  face,  in 
which  the  elements  of  area  are  developed  as  if  unfolded  onto  the 
plane  of  the  drawing  (necessarily  an  approximatioix  on  definite 
assumptions,  as  no  true  development  of  the  helix  can  be  made). 
Dihedral  in  an  airplane  :  The  angle  included  at  the  intersection  of 
the  imaginary  surfaces  containing  the  chords  of  the  right  and  left 
wings  (continued  to  the  plane  of  symmetry  if  necessary).    This 
angle  is  measured  in  a  plane  perpendicular  to  that  intersection. 
The  dihedral  of  the  upper  wing  mav  and  frequently  does  differ 
from  that  of  the  lower  wing  in  a  biplane. 
Dirioible  :  A  form  of  balloon,  the  outer  envelope  of  which  is  of  elon- 
gated form,  provided  with  a  propelling  system,  car,  rudders,  and 
stabilizing  surfaces. 
Nonrigtd. — ^A  diri^ble  whose  form  is  maintained  by  the  pres- 
sure of  the  contamed  gas  assisted  by  the  car-suspension  system. 
Rigid. — ^A  dirigible  whose  form  is  maintained  by  a  rigid  struc- 
ture contained  within  the  envelope. 
Semirigid. — ^A  dirigible  whose  form  is  maintained  by  means  of 
its  attachment  to  an  exterior  girder  construction  containing 
the  car. 
Disk  area  of  a  propeller:  The  total  area  of  the  disk  swept  by  the 

propeller  tips. 
DiviNQ  rudder:  See  elevator. 
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Dofe:  a  general  tenn  applied  to  the  material  used  in  treating  the 

cloth  surface  of  air-plane  members  to  increase  strength,  produce 

tautness,  and  act  as  a  filler  to  maintain  air-tightness;  usually  of  the 

cellulose  type. 
Dbao  :  The  total  resistance  to  motion  through  the  air  of  an  air  craft — 

i.  e.,  the  sum  of  the  drift  and  head  resistance. 
Dbift  :  The  component  of  the  resultant  wind  pressure  on  an  aerofoil 

or  wing  surface  parallel  to  the  air  stream  attacking  the  surface. 
Elevator:  A  hinged  surface  for  controlling  the  longitudinal  atti- 
tude of  an  air  craft — ^i.  e.,  its  rotation  about  the  athwartship 

axis. 
Engine,  right  or  left  hand  :  The  distinction  between  a  right-hand 

and  a  left-hand  engine  depends  on  the  rotation  of  the  output  shaft, 

whether  this  shaft  rotates  in  the  same  direction  as  the  crank  or 

not.    A  right-hand  engine  is  one  in  which,  when  viewed  from  the 

output  shaft,  looking  toward  the  output  end,  the  shaft  is  seen  to 

rotate  clockwise. 
Entering  edge:  The  foremost  part  of  an  aerofoil. 
Fins:  Small  planes  on  air  craxt  to  promote  stability;  for  example, 

vertical  tail  fins,  horizontal  tail  fins,  skid  fins,  etc 
Flight  path  :  The  path  of  the  center  of  gravity  of  an  air  craft  with 

reference  to  the  air. 
Float:  That  portion  of  the  landing  gear  of  an  air  craft  which  pro- 
vides buoyancy  when  it  is  resting  on  the  surface  of  the  water. 
Fuselage:  See  bodv. 
Gap  :  The  distance  between  the  projections  on  the  vertical  axis  of  the 

entering  edges  of  an  upper  and  lower  wing  of  a  biplane. 
Glide  :  To  fly  without  power. 
Glider:  A  form  of  air  craft  similar  to  an  airplane,  but  without  any 

power  plant. 
When  utilized  in  variable  winds  it  makes  use  of  the  soaring 

principles  of  flight  and  is  sometimes  called  a  soaring  machine. 
GLmiNG  ANGLE :  See  Angle,  Gliding. 
Gut:  A  rope,  chain,  wire,  or  rod  attached  to  an  object  to  guide  or 

steady  it,  such  as^;uys  to  win^,  tail,  or  landing  gear. 
Head  resistance  :  'Hie  total  resistance  to  motion  through  the  air  of 

all  parts  of  an  air  craft  not  a  part  of  the  main  lining  surface. 

Sometimes  termed  ^^  parasite  resistance.'' 
Helicopter:  A  form  oi  air  craft  whose  support  in  the  air  is  derived 

from  the  vertical  thrust  of  large  propellers. 
Inclinometer:  An  instrument  for  measuring  the  angle  made  by  any 

axis  of  an  aircraft  with  the  horizontal. 
Keel  plane  area  :  The  total  effective  area  of  an  aircraft  which  acts 

to  prevent  skidding  or  side  slipping. 
Ejte:  a  form  of  aircraft  without  other  propelling  means  than  the 

towline  puU,  whose  support  is  derived  from  the  force  of  the  wind 

moving  past  its  surface. 
Ejte  balloon  :  See  Balloon,  kite. 
Landing  gear  :  The  under  structure  of  an  aircraft  designed  to  carry 

the  load  when  resting  on,  or  running  on,  the  surface  of  the  land 

or  water. 
Lateral  stabiuty:  See  Stability,  lateral. 
Leading  edge:  See  Entering  edge. 
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Lbbwat:  The  angular  deviation  from  a  course  over  the  earth,  due 
to  cross  currents  of  wind« 

Lirr:  The  component  of  the  force  due  to  the  air  pressure  of  an 
aerofoil,  resolved  perpendicular  to  the  flight  path  in  a  vertical 
plane. 

Lnrr  braoiko:  See  Stay. 

LrmKo  cAPAcmr:  See  Capacity,  lifting. 

Load,  full:  See  Capacity,  lifting. 

Beserve  (or  useful).— Sw  Capacity,  carrying. 

Loadinq:  See  Wine  loading. 

LoNorruDiNAL:  A  fore-and-aft  member  of  the  framing  of  an  air- 
plane body,  or  of  the  floats,  usually  continuous  across  a  number  of 
points  of  support. 

LoNorruDiNAL  sTABiLrrr:  See  Stability. 

Metagekteb  :  The  point  of  intersection  of  a  vertical  line  throu^  the 
center  of  gravity  of  the  fluid  displaced  by  a  floating  body  when 
it  is  tipped  through  a  small  angle  from  its  position  of  equilibrium 
and  the  inclined  line  which  was  vertical  through  the  center  of 
gravity  of  the  body  when  in  equilibrium.  There  is.  in  general, 
a  different  metacenter  for  each  type  of  displacement  ox  the  floating: 
body. 

MoNOFLANs:  A  form  of  airplane  whose  main  supporting  surface 
is  disposed  as  a  single  wing  on  each  side  of  the  body. 

Motor:  SeeEndne. 

Nacsllb:  See  Body. 

Natural  sTABtLnr:  See  Stabilitv. 

Nose  dive  :  A  dangerously  steep  descent,  head*on. 

ORNrrHOFTER:  A  form  of  aircraft  deriving  its  support  and  pro- 
pelling force  from  flapping  wings. 

PrroT  TUBE :  A  tube  with  an  end  open  square  to  the  fluid  stream,  used 
as  a  detector  of  an  impact  pressure.  More  usually  associated  with 
a  concentric  tube  surrounding  it,  havinff  perforations  normal  to 
the  axis  for  indicating  static  pressure.  The  velocity  of  the  fluid 
can  be  determined  from  the  difference  between  the  impact  pressure 
and  the  static  pressure.  This  instrument  is  often  used  to  determine 
the  velocity  of  an  aircraft  through  the  air. 

Profeiusr: 

Developed  area  of. — See  Developed  area  of  a  propeller. 
Disk  area  of. — See  Disk  area  ox  a  propeller. 
RigjU-hoffia. — One  in  which  the  helix  is  right  handed. 

Pusher:  See  Airplane. 

Pylon  :  A  marker  of  a  course. 

Eacb  of  a  frofeller  :  The  air  stream  delivered  by  the  propeller* 

Bib:  See  Wing. 

Bight  (or  left)  hand: 
Engine. — See  Engine^ 
Propeller. — See  ftopeller,  right-hand. 

Biom  dirigiblb:  See  Dirigible,  rigid. 

Budder:  a  hinged  or  pivoted  surface,  usually  more  or  less  flat  or 
stream  lined,  used  for  the  purpose  of  controlling  the  attitude  of  an 
idrcraft  about  its  vertical  axis  when  in  motion. 

Seaflane  :  A  particular  form  of  airplane  in  which  the  landing  gear 
is  suited  to  operation  from  the  water. 
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Side  sufpino:  Sliding  toward  the  center  of  a  turn.  It  is  due  to  ex- 
cessive amount  of  btuik  for  the  turn  being  made,  and  is  the  opposite 
of  skidding. 

SKmniKo:  Suding  sideways  in  flight  away  from  the  center  of  the 
turn.  It  is  usually  caused  by  in^ifficient  banking  in  a  turn,  and  is 
the  opposite  of  side  slipping. 

SKms:  Long  wooden  or  metal  runners  designed  to  prevent  nosing  of 
a  land  machine  when  landing  or  to  prevent  dropping  into  holes 
or  ditches  in  rough  ground.  Generally  designed  to  f  imction  should 
the  wheels  collapse  or  fail  to  act 

Slip:  This  term  applies  to  propeller  action  and  is  the  difference  be- 
tween the  actual  velocity  of  advance  of  an  aircraft  and  the  speed 
calculated  from  the  known  pitch  of  the  propeller  and  its  number 
of  revolutions. 

SoABiNO  machine:  See  Glider. 

Spbead:  The  maximum  distance  laterally  from  tip  to  tip  of  an  air- 
plane winjz. 

SxABiLrrr:  The  quality  of  an  aircraft  in  flight  which  causes  it  to 
return  to  a  ccmdition  of  equilibrium  when  meeting  a  disturbance. 
(This  is  sometimes  cctlled  ^Dynamical  stability  *'')       . 
Directional. — Stability  with  reference  to  the  vertical  axis. 
Inherent. — Stability  of  an  aircraft  due  to  the  disposition  and 

arrangement  of  its  fixed  parts. 
£a^ra2.-— Stability  with  reference  to  the  longitudinal  (or  fore 

and  aft^  axis. 
Longitudinal. — Stability    with    reference   to   the    lateral    (or 
athwartdiip)  axis. 

Stabiuzeb:  See  Fins. 

Meohamcal. — ^Any  automatic  device  designed  to  secure  stability 
in  flight 

Stagoee:  The  amount  of  advance  of  the  entering  edge  of  the  upper 
wing  of  a  biplane  over  that  of  the  lower;  it  is  considered  positive 
when  the  upper  surface  is  forward. 

Stajjjnq:  a  term  describing  the  condition  of  an  airplane  which 
from  any  cause  has  lost  the  relative  speed  necessary  for  steerage- 
way  and  control. 

Statoscofe  :  An  instrument  to  detect  the  existence  of  a  small  rate  of 
ascent  or  descent,  principally  used  in  ballooning. 

Stay:  A  wire,  rope,  or  the  hke,  used  as  a  tie  piece  to  hold  parts 
toj^ether,  or  to  contribute  stiffness;  for  example,  the  stays  of  the 
wmg  and  body  trussing. 

Step:  A  break  m  the  form  of  the  bottom  of  a  float 

Stbeah-uke  flow  :  A  term  in  hydromechanics  to  describe  the  condi- 
tion of  continuous  flow  of  a  fluid,  as  distinguished  from  eddying 
flow  where  discontinuity  takes  place. 

Stream-line  shape:  A  shape  int^ded  to  avoid  eddying  or  discon- 
tinuity and  to  preserve  stream-line  flow,  thus  keeping  resistance  to 
progress  at  a  minimum. 

Stout:  a  compression  member  of  a  truss  frame;  for  instance,  the 
vertical  members  of  the  wing  truss  of  a  biplane. 

Sweep  back:  The  horizontal  angle  between  the  lateral  (athwart- 
ship)  axis  of  an  airplane  and  the  entering  edge  of  the  main  planes. 
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Tail:  The  rear  portion  of  an  aircraft,  to  which  are  usually  attached 
rudders,  elevators,  and  fins. 

Tail  fins:  The  vertical  and  horizontal  surfaces  attached  to  the  tail, 
used  for  stabilizing. 

Thrust  deduction  :  Due  to  the  influence  of  the  propellers,  there  is 
a  reduction  of  pressure  under  the  stem  of  the  vessel  which  appre- 
ciably reduces  the  total  propulsive  effect  of  the  propeller.  This 
reduction  is  termed  ^  Throst  deduction.'' 

Tractor:  See  Airplane. 

Trailing  edqe:  The  rearmost  portion  of  an  aerofoil. 

Triflane:  A  form  of  airplane  whose  main  supporting  surfaces  are 
divided  into  three  parts,  superposed. 

Truss  :  The  framing  by  which  tiie  wing  loads  are  transmitted  to  the 
body;  comprises  struts,  stays,  and  spara 

Yelometer:  bee  Air-speed  meter  and  anemometer. 

VoL-KQui:  See  Nose  dive. 

Vol-plane:  See  Glide. 

Wake  gain:  Due  to  the  influence  of  skin  friction,  eddying,  etc.,  a 
vessel  in  moving  forward  produces  a  certain  forward  movement 
of  the  fluid  surrounding  it,  The  effect  of  this  is  to  reduce  the 
effective  resistance  of  the  hull,  and  this  effect,  due  to  the  forward 
movement  of  the  wake,  is  termed  the  ^^  wake  gain.'' 

In  addition  to  this  effect  the  forward  movement  of  this  body  of 
fluid  reduces  the  actual  advance  of  the  propeller  through  the  sur- 
rounding medium,  thereby  reducing  the  propeller  horsepower. 

Warp  :  To  change  the  form  of  the  wing  by  twisting  it,  usuallv  by 
changing  the  mclination  of  the  rear  spar  relative  to  the  front 
spar. 

Wings:  The  main  supporting  surfaces  of  an  airplane. 

Wing  loading:  The  weight  carried  per  unit  area  of  supporting 
surface. 

Wing  rib:  A  fore  and  aft  member  of  the  wing  structure  used  to 
support  the  covering  and  to  give  the  wing  section  its  form. 

Wing  spar:  An  athwartship  member  of  the  wing  structure  resisting 

tension  and  compression. 
Yaw:  To  swing  on  the  course  about  the  vertical  axis,  owing  to  gusts 
or  lack  of  directional  stability. 
Angle  of. — ^The  temporary  angular  deviation  of  the  fore  and  aft 
axis  irom  the  course. 
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L  THE  PROBLEM. 

The  necessity  for  muffling  the  exhaust  of  airplane  engines  is 
hardly  open  to  argument.  The  objects  in  view  are  the  minimizing 
of  noise  to  delay  detection  in  military  service,  to  protect  the  general 
public,  particularly  those  liying  near  aviation  fields,  and  li^tly  to 
give  the  operator  a  better  chance  to  know  what  the  rest  of  his  power 
plant  is  doing.  The  last  point  is  perhaps  even  now  of  littie  im- 
portance, as  an  exhaust  pipe  long  enough  to  end  behind  the  operator 
is  quite  enough  to  make  tne  exhaust  noise  less  prominent  than  some 
other  rackets. 

A  study  of  the  general  problem  of  silencing  the  airplane  power 
plant,  not  only  in  the  laboratory  but  also  by  means  of  observing 
airplanes  in  a  large  number  of  flights,  has  led  to  certain  conclusions, 
none  of  which  are,  however,  new.  In  the  first  place  the  exhaust 
noise  is  not  the  only  disturbance  to  be  dealt  with,  although  perhaps 
the  most  important,  because  the  staccato  barks  of  open  exhaust  carry 
to  greater  distances  than  the  other  attendant  noises.  It  is,  however, 
not  a  matter  of  great  difficulty  to  so  far  suppress  these  barks  that  the 
exhaust  noise  ceases  to  be  the  most  prominent  in  relation  to  some 
others.  As  a  matter  of  fact,  a  simple  pipe  of  sufficient  len^h  will 
do  this  for  the  high-speed  multicylinder  engines^  and  we  understand 
that  some  American  and  German  planes  are  using  this  scheme.  It 
serves  at  least  to  protect  the  operator,  even  if  it  does  not  go  a  great 
way  toward  actually  suppressing  the  pulsations  as  far  as  an  ob- 
server at  a  distance  is  concerned.  The  very  fact  that  the  impulses 
follow  so  rapidly  upon  one  another  seems  to  make  the  problem  of 
taking  off  the  ''  bark  "  easier,  for  we  found  it  much  harder  to  muffle 
single-cylinder  slow-speed  engines. 

Assuming,  however,  that  a  successful  device  for  completely  muf- 
fling tiie  exhaust  can  be  found,  we  should  still  have  to  deal  with 
other  noises,  such  as  the  hum  01  the  propeller,  the  singing  of  gears, 
and  the  rattle  of  the  valve  ^ar.  It  will  Be  admitted  that  all  of  these 
sources  of  noise  can  be  minimized,  but  elimination  does  not  seem  to  be 
in  the  realm  of  possibility. 

On  the  8-cylinder  engme  used  for  our  last  experiments  the  pro- 
peller of  the  fan  brake  caused  a  deep,  more  or  less  musical  note, 
which  appeared  to  come  from  the  crank  case.  This  noise  disap- 
peared when  the  blades  were  removed  from  the  fan  arm,  and  the 
engine  was  operated  at  speed  under  its  own  power,  swinging  only 
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the  arm.  The  same  sort  of  humming  note  can  be  identified  in  con- 
nection with  planes  in  flight  at  considerable  altitudes  and  distances. 
To  silence  this  disturbance  presents  a  problem  on  which  at  present 
the  writers  have  no  suggestions,  except  that  slower  speed  (geared) 
propellers  might  help. 

Another  source  of  noise  is  in  the  valve  gear.  In  the  case  of  the 
engine  under  test  this  consisted  in  a  sort  of  rattling  hiss  at  high 
speeds.  It  can  be  easily  identified  when  the  observer  is  close  by. 
In  planes  of  flight  at  some  distance  from  the  observers  the  noise 
would  appear  to  be  drowned  in  the  exhaust  roar  and  in  the  hum  of 
the  propeller.  In  any  case  this  disturbance  can  be  minimized  by 
accurate  adjustment.  *^But  it  is  difficult  to  see  how  the  valve  slap  can 
be  entirely  eliminated. 

The  last  source  of  noise  is  in  the  gears.  This  can  be  partly  sup- 
pressed at  least  by  the  use  of  spiral  gearing  and  by  accurate  machine 
work  and  mounting. 

These  four  sources  of  noise  are  the  principal  ones  requiring  atten- 
tion. We  would  place  them  in  order  of  importance:  (a)  Exhaust 
noise,  (6)  propeller  noise,  (c)  valve-gear  noise,  (d)  gear  noise.  We 
believe  that  it  is  most  important  to  suppress  the  exhaust  noise,  be- 
cause its  staccato  barks  will  undoubtedly  advertise  the  rising  of  a 
plane  sooner  than  the  other  three  bv  reason  of  its  ^eater  carrying 
power.  But  the  problem  of  the  other  noises  remains;  and  we  are 
further  of  the  opinion,  based  on  our  experience  in  the  past  year,  that 
the  exhaust  noise  can  be  so  far  suppressed  with  comparatively  simple 
means  that  it  forms  the  smallest  source  of  the  disturbance  of  the 
four.  We  will  not  venture  to  predict  complete  suppression.  Any 
muffler  construction  in  connection  with  its  manifold  will  have  to  take 
in  some  one  of  its  parts  the  full  force  of  the  original  blow,  and  since 
lightness  of  construction  is  one  of  the  requirements  calling  for  thin 
walls  the  chances  are  that  there  will  always  be  more  or  less  of  a 
pulsating  roar,  at  least  near  the  engine.  We  have  so  far  not  reached 
the  staj^e  of  considering  this  part  of  the  problem. 

Confining  our  attention  now  to  the  particular  problem  in  hand, 
the  silencing  of  the  exhaust,  a  successrul  device  will  have  to  meet 
three  requirements:  (a)  Satisfactory  suppression  of  noise  with  least 
back  pressure,  (6)  lightest  possible  weignt,  (^c)  greatest  durability. 
For  the  last  year  we  have  confined  our  attention  to  the  first  of  these, 
believing  that  the  other  two  could  be  successfully  met  if  the  first 
requirement  were  satisfied. 

11.  PRESENT  DEVELOPMENT  OF  MUFFLING  DEVICES. 

The  state  of  perfection  at  present  reached  in  the  muffling  of  auto- 
engines  is  well  Known.  As  far  as  this  problem  is  concerned,  it  may 
be  considered  solved  as  regards  suppression  of  noise.  Not  a  great 
deal  of  scientific  data  are  available.  Some  tests  were  carried  on  at 
the  University  of  Michigan,  an  abstract  of  the  report  being  published 
in  the  Horseless  Age  for  May,  1915.  Five  types  of  mufflers  were  tested 
and  investigated  as  to  back  pressure,  horsepower  loss,  and  muffling 
ability.  Of  the  five,  the  one  given  the  highest  rank  on  all  three 
counts  has  the  construction  shown  in  figure  1.  The  engine  used  ^w^as 
a  nominal  25  horsepower  automobile  engine  (Hudson  6-54,  4^  by  5^ 
inches) ,  the  test  speed  ranging  from  750  to  1,300  revolutions  per  min- 
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ute.  At  the  latter  speed  the  brake  horsepower  reached  40.  The 
muffler  weighted  14.5  pounds,  which  is  equivalent  to  0.36  pound  per 
horsepower,  based  on  the  maximum  power,  and  had  a  volume  capacity 
of  847  cubic  inches,  which  is  approximately  nine  times  the  cylinder 
displacement.  All  of  the  other  mufflers  weighed  more,  so  that  0.36 
pound  per  horsepower  may  perhaps  be  considered  the  pres^it  mini* 


/7G./. 


mum  in  automobile  practice.  This  is  a  feature,  however,  of  not  as 
great  importance  as  it  would  be  in  airplane  practice.  This  muffler 
showed  a  back  pressure  of  only  slightly  over  1  pound  at  the  maxi- 
mum speed,  the  loss  of  horsepower  bemg  only  1.4  per  cent  at  the 
maximum.  For  automobile  practice  this  must  be  considered  an  ex- 
cellent showing. 


tOHOUS 
^M  M9U9  fttm 


r/s.2. 

We  were  fortunate  enough  to  obtain  the  loan  of  two  mufflers  espe- 
cially designed  for  an  8-cylinder  V-type  engine  and  commercially 
manufactured.  The  smaller  one  of  these  mufflere  is  intended  for  a 
single  cylinder  and  is  5  inches  in  diameter  by  12  inches  long.  It  has 
the  construction  shown  in  fi^re  2.  The  larger  one,  intended  for 
four  cylinders,  is  5  inches  in  diameter  and  28  inches  long.    The  inter- 
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nal  construction  is  probably  made  up  of  a  multiplication  of  the  ele- 
ments of  the  smaller  muffler.  Both  of  tiiese  mufflers  were  tested  by 
connecting  them  directly  to  the  ends  of  the  side  manifolds  by  means 
of  slip  jomts.  Speed  cnanges  were  noted  by  forcing  the  mimers  on 
and  pulling  them  off  by  hand.  This  method  of  testing  puts  a  heavier 
load  on  the  smaller  muffler  than  it  is  designed  for,  but  since  we  did 
not  have  eight  of  them  this  was  the  only  method  available* 
The  tests  on  the  smaller  mufflers  resulted  as  follows: 


Throttle  podtian  an  scale. 
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The  larger  muffler  gave  the  following  results: 
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It  will  be  noted  from  these  figures  that,  in  spite  of  the  unexpected 
load,  the  smaller  muffler  gives  the  better  results.  As  a  matter  of  fact, 
the  horsepower  loss  at  rated  output  for  the  larger  muffler  is  prohib- 
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itive.  On  the  other  hand,  several  observers  judged  that  the  larger 
muffler  more  effectively  quieted  the  exhaust  noise.  The  two,  however, 
are  so  close  together  regarding  this  point  that  it  became  difficult  to 
jud^e  of  the  difference  in  connection  with  the  other  noises.  Our  con- 
clusion is  that  both  mufflers  are  good  with  respect  to  quieting  and 
that  the  greater  efficiencr^  of  quieting  in  the  larger  muffler  is  bought 
at  too  great  an  increase  m  the  back  pressure.  We  have  no  hesitation 
in  saying  that  the  smaller  muffler  is  as  good  a  solution  of  the  problem 
as  we  have  yet  seen. 

III.  THE  EXPERIMENTS. 

Experiments  with  devices  constructed  by  us  were  carried  out  partly 
on  a  single-cylinder  slow-speed  machine,  partly  on  a  60-horsepowei* 
4-cylinder  Maxim  engine,  and  lastly  on  an  8-cylinder  Curtiss  engine. 

The  principle  underlying  the  action  of  mufoing  is  simple.  At  the 
moment  of  opening  of  the  exhaust  valve  the  pressure  conditions  are 
such  that  the  gases  issue  at  velocities  of  approximately  2,000  feet  per 
second.  The  problem  is  to  reduce  this  velocity  below  that  of  sound 
(1,100  feet  per  second)  without  causinj^  undue  back  pressure.  The 
bark  of  the  open  exhaust  is  due  to  the  issuing  of  the  gases  at  veloci- 
ties higher  than  that  of  sound,  and  the  main  disturbance  is  sup- 
pressed as  soon  as  the  velocities  are  brought  below  1,100  feet  per  sec- 
ond. The  means  at  hand  to  accomplish  this  are:  (a)  Cooling  of  the 
gases  to  reduce  volume,  {b)  gradual  expansion,  (c)  internal  friction 
and  eddy  currents  in  the  gas,  and  (d)  frictional  resistance  between 
gases  and  containers  and  baffles.  Oi  these  the  first  mentioned  is 
practically  negligible,  as  the  degree  of  cooling  can  not  be  great  in 
the  time  available. 

To  bring  into  plav  the  other  three  means  would  require  a  construc- 
tion having  the  following  essentials:  (a)  An  entrance  chamber  sev- 
eral times  the  cylinder  volume,  to  allow  of  the  unrestricted  transfer 
of  the  gases  from  the  cylinder  to  this  chamber,  for  the  purpose  of 
preventing  undue  back  pressure,  and  (b)  one  or  more  expansion 
chambers  so  provided  with  baffles  as  to  break  up  the  gas  currents  in 
such  a  manner  as  to  cause  decreasing  velocity  by  means  of  both  ex- 
pansion and  friction. 

As  far  as  application  to  the  en^e  is  concerned,  three  solutions  are 

Sossible.  The  first  is  to  use  individual  mufflers  for  each  cylinder, 
'his  scheme  at  first  sight  has  a  good  deal  in  ite  favor,  but  upon 
analysis  several  prohibitive  disadvantages  will  appear.  In  the  first 
place,  there  is  no  doubt  that,  say,  8  small  mufflers  will  weigh  mpre 
than  2,  each  taking  care  of  4  cvlmders.  In  the  case  of  the  commer- 
cial muffler  above  mentioned,  the  weight  relation  is  15  pounds  for  4 
individual  mufflers  to  6  pounds  for  the  single  muffler  doing  about 
the  same  work.  Further,  the  advantage  that  a  4-cylinder  manifold 
will  in  itself  act  partly  as  a  muffler  is  lost,  and  we  would  have  the 
individual  bark  of  each  cylinder  to  deal  with.  And,  finally,  where 
the  scheme  had  been  tried  it  was  found  very  difficult  to  properly  stay 
so  many  muffiers  as  to  prevent  dangerous  vibrations. 

The  second  scheme  is  to  combine  manifold  and  muffier,  i.  e.,  to 
internally  construct  the  manifold  to  convert  it  into  a  complete  muf- 
fler. This  scheme  also  looks  good  at  first  sight;  but  in  order  to  pro- 
vide sufficient  volume  a  mamfold  so  constructed  would  be  of  large 
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diameter,  since  the  lateral  distance  between  cylinders  is  restricted, 
and  it  is  a  question  whether  it  is  desirable  to  place  so  large  a  heat- 
radiating  surface  next  to  the  cylinders  and  the  structural  members 
of  the  plane.  The  question  of  adding  weight  at  that  height  from 
the  base  to  the  side  of  the  cylinders  is  also  of  importance  with  rela- 
tion to  possible  excessive  vibration.  We  tried  one  scheme  of  this 
kind  on  the  Maxim  engine,  as  below  noted,  but  with  doubtful  success. 

The  third  scheme  is  to  use  a  regular  manifold  and  to  connect  this 
by  means  of  flexible  hose  to  the  muffler  proper.  This  allows  of  any 
convenient  placing  of  the  muffler  with  rererence  to  engine  and  to 
operator.  The  len^h  of  exhaust  hose  is  of  no  importance,  consistent 
onlv  with  low  back  pressure,  and,  given  this,  a  considerable  length 
of  hose  or  pipe  is  a  positive  help  to  the  muffler.  We  believe  on  all 
counts  that  this  combination  is  the  best  solution. 

The  first  experimental  construction  embodied  the  idea  of  making 
the  entrance  space  a  centrifugal  whirl  chamber  in  which  the  gases 
were  to  lose  part  of  their  kinetic  energy  by  mutual  interference 
before  passing  out  through  holes  or  slots  m  a  central  pipe.  It  was 
made  up  out  of  a  4-inch  tee,  the  side  branch  of  which  was  capped, 
and  the  cap  then  bored  and  threaded  for  the  IJ-inch  exhaust  pipe,  of 
a  6-horsepower  oil  engine.  The  opening  from  this  pipe  was  placed 
eccentrically  in  the  cap,  so  that  the  gases  entered  the  4-inch  tee  tan- 
gentiallv.  One  of  the  straight-run  openings  of  the  tee  was  plugged, 
while  the  other  was  bushed  to  receive  a  IJ-inch  pipe.  The  pipe 
could  be  extended  varying  distances  into  the  tee  by  a  long  thread. 
Tests  were  made  with  this  central  pipe  not  perforated  in  any  way, 
but  open  at  the  end.  The  best  results  were  found  when  this  pipe 
extended  to  within  ^  inch  of  the  opposite  plug.  Later  the  ena  of 
the  central  pipe  was  plugged  and  the  pipe  perforated  with  holes, 
a  second  one  was  then  tried  perforated  with  slots.  In  these  cases 
the  gas,  after  whirling  around  in  the  chamber,  found  its  way  into 
the  central  pipe  through  the  holes  or  slots  and  so  on  out.  All  of 
these  devices  were  only  moderately  successful  and  did  not  seem  to 
promise  much. 

It  was  then  thought  desirable  to  improve  the  entrance  conditions 
to  the  whirl  chamber  by  gradually  broadening  the  entrance  pipe, 
thus  introducing  the  gas  tangentially  in  a  wide  band.  Figure  8 
shows  the  construction.  Three  concentric  central  pipes,  a  4-inch, 
a  8-inch,  and  a  2-inch  were  used,  the  latter  being  open  to  the  air  at 
both  ends.  The  central  pipes  were  slotted,  the  4-inch  and  3-inch 
pipes  as  in  figure  3-a,  the  2-inch  pipe  as  in  figure  3-b.  It  was 
found  that  the  direction  of  the  slots  m  the  inner  pipe  caused  the 
gas  to  move  out  of  one  end  of  the  pipe,  creating  a  distinct  suction 
on  the  other  end.  This  device  showed  up  much  better  than  the 
crude  first  construction.  It  was  estimated  to  cut  out  80  per  cent  of 
the  noise.  Back-pressure  readings  were  not  taken,  as  we  were  as 
yet  mainly  interested  in  noise  reduction.^ 

The  success  of  this  device  on  the  particularly  vicious  bark  of  the 
oil  engine  on  which  it  was  used  led  us  next  to  construct  a  combined 
manifold  and  muffler  of  this  type  for  the  Maxim  engine.  The  main 
features  of  this  muffler  were:  An  expanding,  flattened  nozzle  from 
each  cylinder  to  lead  the  gas  tangentially  into  the  shell,  a  common 
annular  chamber  between  wie  largest  inserted  pipe  and  the  shell  into 
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which  the  exhaust  from  all  cylinders  first  entered,  a  series  of  four 
pipes  2,  3,  4,  and  5  inch,  with  perforations  so  arranged  that  the  gas 
must  first  pass  through  the  wall  of  the  5-inch  pipe  in  a  slanting 
direction,  and  having  attained  a  certain  velocity  in  this  direction 
must  turn  and  pass  through  the  4-inch  in  the  opposite  direction  be- 
cause of  the  slotted  openings.  Another  turn  was  necessary  to  pass 
through  the  8-inch,  and  finally  through  the  2-inch  to  the  atmosphere. 
We  did  not  succeed  in  getting  a  very  good  idea  of  the  action  of 
this  manifold  muffler,  as  tne  Maxim  engine,  which  had  been  loaned 
us,  was  recalled.  The  trial  run  made  promised  fairly  well,  but  the 
end  joints  between  the  pipe  were  not  tight  and  considerable  gas 
escaped.  As  built,  with  a  cast-iron  jacket,  this  muffler  proved  ex- 
ceedingly heavy. 
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We  have  not  done  anything  more  with  the  manifold  mufflers,  but 
intend  to  try  out  one  or  two  other  ideas,  which,  however,  have  so  far 
leached  only  the  design  stage. 

The  last  work  was  done  on  an  entirely  different  type  from  that 
above  described.  The  underlying  idea  in  this  type  is  to  provide  an 
ample  receiving  chamber,  and  then  as  the  gases  work  toward  the 
outlet,  to  provide  gradually  increasing  resi^ance,  until  the  pulsa- 
tions are  toned  down  and  the  gas  issues  in  streams  of  fairly  constant 
velocity  at  speeds  below  that  of  sound.  This  should  substitute  for 
the  bark  a  hiss  like  that  of  escaping  steam  of  low  pressure.  It 
might  be  pointed  out  that  the  well-known  Maxim  muffler  is  of  this 
general  type.  Only  in  this  muffler  the  circular  receiving  chamber  is 
followed  by  an  annular  space  surrounding  the  former,  which  space  is 

1>acked  with  baffle  plates  of  spiral  form.  The  gases  here  lose  ve- 
ocitjr  by  internal  friction  and  surface  friction.  No  attempt  is  made 
to  utilize  the  idea  of  a  gradually  increasing  resistance  to  the  flow 
toward  the  outlet 
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The  scheme  was  tried  out  on  the  8-cylinder  Curtiss  engine.  Two 
manifolds  of  light-weight  steel  were  cross  connected  by  another  man- 
ifold, so  that  we  finally  had  a  single  discharge  and  only  one  experi- 
mental muffler  had  to  be  built.  The  construction  of  this  is  shown 
in  figure  4. 

We  adopted  for  this  muffler  the  prismatic  form  for  two  reasons. 
In  the  first  place,  it  is  easier  to  construct  than  the  circular  form;  and 
secondly,  we  believe  that  this  form  may  have  some  advantages  over 
the  circular  form  for  stowing  away  on  an  airplane.  The  essential 
features  are  as  follows:  Gradually  expanding  entrance  nozzle  A,  a 
receiving  chamber  B,  two  expandmg  and  retarding  chambers  C  and 


FlQ.  4. 

D.  About  half  of  the  two  expansion  chambers  are  filled  with  closely 
packed  wire  gauze  of  decreasmg  mesh,  in  the  following  order  going 
toward  the  outlets : 

Layers. 

31  Inches  of  2  meshes  per  Inch 28 

2i  Inches  of  3  meshes  per  inch 26 

2  inches  of  4  meshes  per  inch 24 

li  inches  of  5  meshes  per  inch 18 

\\  inches  of  8  meshes  per  inch 20 

1  inch  of  12  meshes  per  inch 25 

This  muffler  was  connected  to  the  outlet  of  the  cross  manifold  by 
a  short  piece  of  flexible  metallic  hose  and  in  parallel  with  a  quick- 
closing  gate  valve.  By  this  means  the  exhaust  could  be  instantly 
changed  from  muffler  to  open  air  and  back  again.  An  electric 
tachometer,  carefully  calibrated,  was  used  to  note  changes  in  speed, 
and  the  back  pressures  were  observed  by  means  of  mercury  manom- 
eters connected  to  the  side  manifolds  near  their  connection  to  the 
cross  manifold. 

Trials  with  this  muffler  showed  the  following: 

(a)  The  application  of  the  side  manifold  and  of  the  cross  mani- 
fold alone  served  to  tone  down  the  barks  considerably.    The  back 
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pressure  obfierved  with  only  the  side  manifolds  was  negligible  and 
with  the  cross  manifold  showed  about  0.3-inch  Hg.  at  rat^  output 
of  70  horsepower. 

(b)  The  application  of  the  muffler  raised  the  back  pressure  onlj 
about  0.1-inch  Hg.,  which  is  a  very  good  result.  The  power  loss  is 
negligible. 

(c)  As  far  as  muffling  is  concerned,  three  observers  judged  that 
the  exhaust  noise  was  cut  out  to  the  extent  of  about  50  per  cent. 

We  believe  that  the  muffling  efficiency  of  this  construction  can  be 
improved,  and  we  have  already  started  to  work  out  an  improved  de- 
sign. The  virtual  absence  of  back  pressure  is  the  most  encouraging 
feature.  Objection  has  been  made  to  this  desi^  on  the  score  of  car- 
bon clogging  of  the  wire  ^auze.  Only  a  service  run  of  some  hours' 
duration  can  prove  this  point. 

At  present  we  have  not  used  any  quantitative  scheme  of  iudging 
degree  of  noises,  but  have  depended  upon  several  independent  ob- 
servers. This  scneme  is  not  wholly  successful  on  account  mainly  of 
the  other  noises  present  besides  the  exhaust.  As  a  matter  of  fact, 
to  get  any  idea  at  all  of  this  matter  in  connection  with  the  Curtiss 
engine,  it  became  necessary  to  extend  the  pipe  through  a  window  and 
to  place  the  muffler  outside  of  the  buildmg.  In  the  University  of 
Michigan  tests,  above  quoted,  besides  using  independent  observers,  a 
telephone  was  used,  the  observer  in  a  room  some  distance  away  noting 
the  distance  between  himself  and  the  telephone  at  which  he  failed  to 
distinguish  the  exhaust  noise.  The  receiver  was  placed  near  the  en- 
gine. What  such  a  scheme  would  show  in  our  case  is  problematical, 
but  we  intend  to  try  it  out  the  coming  year.  We  wish  gratefully  to 
acknowledge  in  this  connection  the  active  help  of  Profs.  V.  K.  Gage 
and  C.  A.  JPeirce,  of  the  Sibley  College  faculty,  and  the  assistance 
and  facilities  supplied  by  the  Thomas  Aeromotor  Co.,  of  Ithaca, 
N.  T.,  and  the  Cfurtiss  Aeroplane  &  Motor  Corporation,  of  Buffalo, 
^.  X • 

.  Further  experiments  will  be  made  on  this  type  of  muffler  construc- 
tion and  the  determination  of  the  laws  affecting  feed  back  pressure 
power  loss  are  already  being  investigated  and  will  be  the  subject  of 
*  future  report. 
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INTRODUCTION— NATURE  OP  THE  PROBLEM  AND  SCOPE 
OP  THE  PRESENT  CONTRIBUTION. 

Any  effort  to  improve  the  gasoline  engine  and  to  perfect  it  for 
use,  in  aeronautic,  marine,  and  land  transportation  service^  must  pro- 
ceed along  a  series  of  more  or  less  parallel  coordinate  lines  of  at- 
tack, each  concerned  with  some  one  independent  phase  of  the  prob- 
lem, after  a  general  review  has  indicated  the  nature  of  these  sub- 
sidiary problems  and  their  relations.  Such  a  general  review  with 
special  reference  to  aero  engines  has  already  been  made  and  formed 
the  subject  matter  of  the  report  of  last  year.  In  addition  to  the  spe- 
cific problems  of  engine  design  proper,  involving  arrangement  of 
parts,  selection  and  treatment  of  materials,  and  determination  of 
best  diemnsions  for  stren^h  or  life  on  the  one  hand  and  large  mean 
effective  pressures  with  high  thermal  efficiency  at  high  speeds  on  the 
other,  there  is  another  group  concerned  with  what  might  be  termed 
the  engine  auxiliary  functions.  These  latter  include  ignition,  lubri- 
cation, cooling,  and  last,  but  most  important  of  all,  carburetion.  It  is 
most  important  because  it  is  concerned  with  the  making  of  suitable 
mixtures,  without  which  the  engine  can  not  be  a  success  no  matter 
how  periectly  the  other  phases  ox  the  engine  problem  may  be  worked 
out.  It  bears  the  same  relation  to  the  gasoline  engine  as  steam  mak- 
ing does  to  the  steam  engine,  and  the  carburetor,  with  its  connections 
by  which  the  result  is  attained,  is  just  as  important  to  the  former  as 
is  the  steam  boiler  and  its  connections  to  the  latter.  This  being  the 
case,  it  is  logical  and  proper  that  this  the  second  report,  and  the  first 
one  following  the  general  review,  should  be  concerned  with  the  car- 
buretor and  tne  problems  of  its  design.  The  complexity  of  the  prob- 
lem of  carburetor  design,  from  the  scientific  engineering  standpoint 
as  distinguished  from  the  empiric  cut  and  try  one,  can  hardly  be  over- 
rated, and  the  difficulties  involved  are  realized  oiuy  by  those  familiar 
with  the  question  by  reason  of  experience  and  extended  studv.  It 
involves  not  only  manv  unknown  lacts  and  relations  of  the  physics 
of  flow  of  this  class  or  liquids  in  small  passages  and  of  air  at  vari- 
able rates  through  every  conceivable  shape  of  duct  and  orifice  within 
certain  limits  of  size,  but  it  also  requires  the  crossing  of  the  border- 
land of  knowledge  on  the  physical  chemistry  of  these  complex  fuels, 
their  vapors,  and  vapor  air  mixtures;  fuels  which  are  solutions  of 
many  and  variable  constituents,  all  of  them  having  tendencies  under 
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certain  conditions  to  polymerize.  In  addition  to  these  difficulties  of  a 
physical-chemical  sort,  there  are  involved  two  other  groups,  the  first 
being  the  usual  one  of  structural  design,  and  the  second  that  of  defi- 
nition of  the  object  to  be  attained.  With  reference  to  the  latter  it 
must  be  admitted  that  there  is  no  convincing  experimental  proof 
avaliable  from  en^ne  tests  to  definitely  establish  ]ust  what  sort  of 
mixtures  give  the  best  results  in  engines;  whether,  for  example,  they 
should  be  constant  or  variable  in  proportions  of  air  to  fuel,  and 
whether  also  they  should  be  dry  or  wet,  and  if  the  latter,  how  much 
moisture  is  permissible  and  in  what  form.  To  be  sure,  opinions  and 
deductions  of  some  value  can  be  based  on  indirect  observations  and  on 
certain  principles,  but  works  of  importance  should  be  based  on 
proved  tacts  and  not  on  opinions  or  deductions.  Pending  the  es- 
tablishment of  the  required  physical-chemical  data  and  the  specifi- 
cations of  suitability  of  mixtures  from  the  engine  standpoint,  both  of 
which  must  constitute  a  separate  series  of  mvestigation,  the  prob- 
lem of  carburetor  design  may  be  approached  with  some  profit  from 
the  qualitative  side. 

Design  of  any  appliance  or  machine  must  be  i;ndertaken  qualita- 
tively before  any  quantitative  work  is  warranted,  the  former  being 
concerned  with  the  form  and  arrangement  of  the  parts  and  the 
latter  with  their  dimensions.  Qualitative  design,  the  fixing  of  the 
nature  and  form  of  the  several  necessary  structural  elements  and 
their  mutual  relation  or  arrangement,  must  satisfy  ten  independent 
sorts  of  requirements— first,  fmictional,  and  second,  constructional. 
With  reference  to  the  former  it  is  clear  that  to  make  the  apparatus 
work  there  must  be  provided  certain  parts  suitably  arranged  and 
the  selection  of  such  forms  and  arrangements  of  parts  as  would  seem 
to  promise  the  sort  of  action  or  function  desired,  is  termed  invention 
when  the  same  thing  has  not  been  done  before  in  the  same  way, 
otherwise  it  is  merely  the  first  phase  of  qualitative  design.  The 
second  or  constructional  requirement  for  qualitative  d^gn  imposes 
a  limit  on  the  first,  dictated  by  the  tools  and  processes  of  the  diop. 
However  nice  and  proper  an  appliance  or  machine  scheme  may  be 
from  the  functional  standpoint,  it  is  obviously  of  no  value  if  it 
can  not  be  constructed  and  of  little  value  if  the  construction  is 
difficult,  so  as  to  involve  excessive  cost,  inaccuracy,  or  some  other 
element  of  unsuitability. 

Quantitative  design,  the  determination  of  proper  dimensions,  for 
the  parts  as  selected  and  arranged,  must  also  meet  two  independent 
requirements,  or  rather  there  are  two  sets  of  dimensions  that  must 
be  separately  determined  because  they  have  different  objects.  The 
first  phase  of  quantitative  design  must  fix  those  dimensions  that  are 
concerned  with  functional  operation  and  directly  supplement  the 
selection  of  form  and  relation  of  structural  elements,  so  that  not 
onlv  will  the  sort  of  result  desired  be  attained,  but  also  in  just  the 
right  degree.  The  second  step  in  the  whole  series  fixes  those  di- 
mensions of  the  parts  that  insure,  with  due  reference  to  the  ma- 
terials, suitable  strength  and  stiffness  to  resist  rupture  and  undue 
deflection,  respectively,  under  stress,  and  that  insure  suitable  life 
to  parts  subject  to  destruction  by  wear  or  corrosion,  for  example. 

Applying  these  general  principles  to  the  case  of  carburetor  design, 
the  first  phases  of  both  the  qualitative  and  the  quantitative  design 


Digitized  by 


Google 


AEBOKAUTIOfiw  57 

are  of  controlling  importance,  both  of  the  second  phases  dwindling 
to  almost  negligible  quantities  in  comparison.  For  example,  the 
second  phase  of  quantitative  design,  the  fixing  of  dimensicms  for 
strength  and  life,  is  almost,  if  not  quite,  eliminated  by  the  fact  that 
the  parts  of  carburetors  are  subjected  to  no  stresses  that  can  not 
easily  be  resisted  by  the  thinne^  metal  that  can  be  cast,  and  that,  so 
far  as  life  is  concerned,  there  is  no  corrosion  with  the  brasses  and 
bronzes  in  use.  While  there  is  some  wear  in  diose  carburetors  that 
have  moving  parts  and  some  permanent  set  in  springs,  it  also  is 
true  that  ^ood  carburetors  need  have  neither  wearing  parts  nor 
springs.  A^ain,  the  second  phase  of  qualitative  desi^,  which  im- 
poses shop  limitations  on  form  and  arrangement,  requires  no  special 
treatment  for  carburetors  over  any  other  device  or  onall  manufac- 
tured metal  product  made  mainly  or  wholly  of  cast  metal  with  some 
rough  and  some  accurate  machining,  involving  only  light  cuts  and 
short  operations  easily  carried  out  with  small  tools  of  standard  form 
with  special  jigs  and  fixtures  or  with  special  tools. 

It  appears,  therefore,  that  an  investipttion  of  carburetor  desifln 
must  be  concerned  almost  entirely  with  the  first  phases  of  both  quali- 
tative and  quantitative  desi^,  the  selection  of  these  schemes  of  form 
and  arrangement  of  parts  that  promise  the  right  sort  of  functioning 
and  resulte,  and  then  dimensioning  the  narts  so  thev  will  produce 
the  desired  kind  of  result  in  the  required  degree,  l^hese  two  steps 
might  well  be  called  qualitative  functional  design  and  quantitative 
functional  design,  respectively. 

There  are  two  good  reasons  why  qualitative  functional  design 
should  be  undertaken  before  the  quantitative — ^first,  because  the  neces- 
sary physical  data  for  the  latter  have  never  been  determined,  only 
a  few  isolated  facts  being  available,  and  second,  because  the  determi- 
nation of  dimensions  must  necessarily  follow  a  decision  on  form, 
or  otherwise  the  more  that  form  alternatives  can  be  reduced  to  a 
minimum^  the  less  is  the  variety  and  scope  of  the  pertinent  physical 
data  required  for  application  to  them. 

This  report  is  concerned  almost  exclusively  with  an  analysis  of 
the  question  of  qualitative  design,  not  only  because  it  is  logically  the 
first  step  to  undertake  but  also  because  its  scope  is  so  very  wide  and 
the  amount  of  available  material  requiring  review  so  large  as  to  have 
taken  up  all  of  the  time  available. 

Quantitative  design  has  been  approached  but  not  activeljr  attacked ; 
only  so  much  has  been  done  in  this  dii*ection  as  to  point  out  the 
need  of  thorough  investigation  by  showing  the  importance  and  the 
present  lack  of  exact  data. 

Qualitative  functional  design  of  carburetors  must  begin  with  an 
examination  of  alternative  processes  of  carburetion,  and  a  selection 
of  one  or  more  such  processes  as  seem  promising  must  be  made  before 
any  attempt  is  made  to  scheme  out  the  form  and  arrangement  of 
the  parts  that  together  shall  constitute  the  carburetor.  Carburetion 
as  a  process  is  in  the  broad  sense  ess^itially  the  same  as  humidifi- 
cation,  the  former  dealing  originally  only  with  the  hydrocarbon 
products  of  petroleum  but  now  with  any  liquid  fuel  including  the 
alcohols,  the  Latter  with  water,  and  both  with  vaporization  of  the  liquid 
in  contact  with  air,  the  vapors  and  the  air  mixing  more  or  less 
homogeneously.    The  thermodynamic  laws  of  such  vapor-air  mix- 
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tures  as  result  from  carburetion  or  humidification  are  pretty  firmly 
established^  and  the  most  important  of  these,  with  reference  to  the 
present  object,  is  that  group  relating  the  partial  pressures  of  the 
vapor  and  the  air  in  the  mixture  to  the  proportions  of  vapor  and 
air  and  to  the  respective  molecular  weignts.  In  accordance  with 
these  relations,  a  mixture  of  vapor  and  air  in  any  desired  proportions 
can  be  obtained  by  maintaining  an  intimate  contact  between  the 
liquid  and  the  air  until  such  time  as  saturation  results  by  the  build- 
ing up  of  the  partial  pressure  of  the  vapor  in  the  mixture  to  a  value 
equal  to  the  pressure  of  saturated  vapor  corresponding  to  the  tem- 
perature. Thus  the  proportions  are  determined  by  the  vapor  pres- 
sure-temperature law  ox  the  liquid,  by  the  actual  conditions  of 
contact  or  intimacy  between  the  two,  and  by  the  temperature  mix- 
ture during  the  time  of  contact.  Of  these  three  factors  one  is  a 
phjrsical  property  of  a  given  liquid  and  the  other  two  represent 
variables  of  use,  and  are  subject  to  control  if  the  apparatus  is  suit- 
ably designed.  The  vapor-pressure  curves  of  the  more  common 
simple  liquids  have  been  determined,  and  for  them  these  principles 
point  directly  to  a  simple  and  highly  effective  process  of  carburetion 
in  definite  predetermined  proportions,  the  process  being  to  main- 
tain for  sufficient  time  a  close  and  intimate  contact  of  the  air  and 
the  liquid,  such  as  may  be  done  by  blowing  air  over,  bubbling  it 
through  the  liquid,  spraying  the  liquid  in  the  air,  or  stirring  and 
heating  the  two  in  a  chamW,  meanwhile  keeping  the  temperature 
constant  at  the  value  required  by  the  vapor  pressure-temperature 
curve  to  give  the  dedred  proportions. 

Such  a  process  of  carburization  may  properly  be  called  evaporative 
because  the  proportions  are  fixed  bv  the  evaporative  conditions.  The 
liquid  vaporizes,  and  vapor  is  added  to  the  air  until  equilibrium  is 
established  between  the  vapor  pressure  of  the  liquid,  and  the  partial 
pressure  of  the  vapor  in  the  mixture  in  contact  with  the  liquid.  This 
evaporative  process  of  carburization  to  given  proportions  is  almost 
ideal  where  it  is  feasible,  but  unfortunately  its  value  is  confined  en- 
tirely to  the  simple  liquids  that  have  definite  vapor  pressure-tempera- 
ture relations  and  the  same  relations  for  every  part  of  the  li(}uid. 
The  only  liquids  that  satisfy  this  condition  are  those  that  are  single 
chemical  compounds  and  among  the  fuels  these  are  benzol  and  uie 
pure  alcohols,  the  more  common  fuels  such  as  the  impure  alcohols  or 
alcohol-water  solutions,  and  all  the  products  of  petroleum,  including 
not  only  the  light  but  the  intermediate  constituents,  do  not  satisfy 
the  condition  for  proper  evaporative  carburization  in  given  propor- 
tions by  the  simple  evaporation  process.  These  latter  liquias  fuels 
are  solutions  of  many  constituents  one  in  the  other,  each  constituent 
to  be  sure  is  a  simple  hydrocarbon  with  fixed  physical  properties,  but 
the  solution  has  variable  physical  properties.  The  presence  of  one 
substance  in  solution  in  another,  affects  its  vapor  pressure  in  a  fairly 
well-known  way,  but  there  is  no  means  of  predicting  what  is  the  re- 
sultant of  10  such,  each  affecting  the  other.  Physical  chemistry  has 
not  advanced  far  enough  to  answer  such  a  question,  and  it  is  doubtful 
if  the  answer  would  m  of  much  value  even  if  it  could  be  found  in 
the  absence  of  equally  definite,  simple,  and  practical  analytical  means 
of  identifying  and  evaluating  the  separate  hydrocarbon  constituents 
of  such  solutions  as  the  gasolmes  and  kerosenes,  which  organic  chem- 
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istry  8o  far  has  failed  to  discover.  From  the  practical  carburetor 
standpoint  enough  is  known  to  definitely  condemn  the  simple  evapo- 
rative proportioning  process  without  such  scientific  data,  oecause  it 
is  clear  that  those  constituents  that  have  the  highest  vapor  pressures 
will  exist  in  the  vapor  air  mixture  in  larger  proportions  to  those 
that  have  low  vapor  pressures,  than  they  did  originally  in  the  liquid 
mass,  and  that,  as  evaporation  proceeds  there  wiU  be  a  fractionation 
that  leaves  the  heavy  constituents  behind.  The  mixture  proportions 
in  such  cases  will  be  fixed  as  much  by  the  ratio  of  constituents  in  the 
liquid  as  by  the  vapor  pressure  of  any  one — by  the  intimacy  of  air 
contact  of  oy  the  temperature — but  the  ratio  of  constituents  in  the 
liquid  varying  as  it  does  as  evaporation  proceeds,  the  proportions  of 
vapor  to  air  in  the  mixture  can  not  possibly  be  controlled  automatic- 
ally by  any  simple  and  practical  means. 

The  condemnation  of  the  evaporative  means  of  proportioning  as 
a  carburetion  process  for  engine  use  for  all  liquid  fuels  that  mc- 
tionate  at  once  removes  from  consideration  a  vei^  large  number  of 
older  carburetors  designed  for  and  used  largely  m  connection  with 
the  manufacture  of  ifluminating  or  fuel  gas  for  pipe  distribution 
and  confines  attention  to  a  newer  group  oi  carburetors  in  which  the 
proportions  of  air  to  fuel  are  subject  to  mechanical  control  and  are 
quite  independent  of  the  constituents  of  the  fuel  or  their  vapor 
pressures. 

Mechanical  proportioning  is  an  essential  element  of  any  practical 
carburetion  process  where  complex  fuels,  like  the  petroleum  distil- 
lates^ are  to  be  converted  into  vapor  air  mixtures  in  controlled  pro- 
portions for  introduction  into  an  en^e  cylinder;  but,  of  course, 
mechanical  proportioning  does  not  of  itself  constitute  a  carburetion 
process  except  under  one  condition.  If  the  vapor  pressure  of  the 
fuel,  or,  rather,  of  its  heaviest  constituent,  be  high  enough,  then 
mere  introduction  of  the  fuel  into  the  air,  especially  if  both  be  flow- 
ing through  passages  that  produce  eddy  mixm^  currents,  will  result 
in  immediate  vaporization  and  the  formation  of  the  desired  mixture. 
All  the  older  gasolines  of  76**  Baum^  and  upward  had  this  property, 
so  for  them  a  mechanical  proportioner  that  feeds  a  measured  amount 
of  gasoline  into  an  air  stream  does  in  reality  constitute  a  proportion- 
ing carburetor.  The  present-day  gasolines,  ranging  but  little  above 
60^  Baum^,  and  in  some  cases  lower,  have  some  constituents  so  heavy 
and  with  vapor  pressures  so  low  as  to  require  either  special  spraying 
and  stirring  elements  or  heaters  to  produce  a  suitable  homogeneous 
mixture,  the  making  of  which  constitutes  carburetion.  Nevertheless 
such  proportioning  devices  are  also  termed  carburetors,  even  though 
vaporization  is  not  complete,  because  they  produce  mixtures  on  which 
engines  can  be  operated^  and  since  the  proportions  are  established  by 
a  sort  of  metering  action  of  the  fuel  by  the  flowing  air,  and  not  by  the 
vaporizing  properties  of  the  fuel,  they  have  been  named  "  propor- 
tioning flow  carburetors"  in  this  report. 

For  all  gasolines,  kerosenes,  or  other  petroleum  distillates,  and  any 
other  complex  fuel  to  be  used  in  engines,  proportioning  flow  carbu- 
retion processes  must  displace  the  older  evaporative  processes  of  the 
gas  inoustry,  so  attention  must  be  concentrated  on  the  various  ways 
in  which  the  air  flowing  toward  an  engine  cylinder  may  be  made  to 
proportionately  meter,  receive,  and  become  mixed  with  the  amount 
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of  fuel  it  can  support  in  explosive  combustion  quite  independent  of 
lust  what  degree  of  vaporization  or  just  what  proportions  will  work 
best  in  a  given  engine  on  the  assumption  that  these  are  independent 
variables. 

The  pure  case  of  proportionate  flow  carburetion  is  that  in  which 
the  air  flow  directly,  without  the  medium  or  interposition  of  any 
connecting  mechanism,  does  of  itself  induce  or  produce  the  fuel  flow 
in  amount  always  proportionate  to  the  amount  of  air,  simultaneously 
mixing  the  two  more  or  less  actively  with  or  without  the  addition  of 
heat.  This  process  depends  upon  the  laws  of  flow  of  air  and  of 
liquid  fuel,  relating  rate  of  flow  to  pressure  drop  or  flow  head,  and, 
in  general,  it  assumes  that  the  suction^  stroke  of  an  engine  piston 
establishes  a  vacuum  of  some  degree  in  every  portion  of  the  air 
entrance  passage,  which  vacuum  varies  regularly  with  the  quantity 
of  air  that  will  flow  under  its  impelling  influence.  It  also  assumes 
that  if  from  a  supply  of  fuel  at  a  constant  hydraulic  head  a  connec- 
tion be  led  to  a  ruel  nozzle  somewhere  in  the  air  passage,  the  static 
head  with  reference  to  the  nozzle  being  ideally  zero,  then  no  fuel 
will  flow  unless  air  is  also  flowing,  because  of  the  common  vacuum 
relation,  and  fuel  flow  will  increase  with  air  flow  as  the  vacuum 
increases.  For  such  double  flow  to  be  truly  proportionate  and  in 
constant  ratio  it  is  clear  that  both  the  liquid  and  the  air  flow  must 
follow  similar  physical  laws  and  that  the  weight  of  each  must  bear 
the  same  algebraic  relation  to  the  vacuum  that  is  responsible  for  the 
flow.  In  the  absence  of  a  pair  of  air  and  fuel  passages  of  such  form 
and  relative  disposition  as  would  have  similar  flow  laws,  then  some 
means  of  automatic  correction  of  the  proportions  become  necessary 
to  restore  the  desired  ratio  and  to  maintain  it,  no  matter  how  the  rate 
of  flow  may  vary,  so  as  to  satisfy  the  demands  of  engines  operating 
at  variable  speed  and  load. 

Between  these  two  basic  processes  of  carburetion — ^the  "  evapora- 
tive "  and  the  "  proportioning  flow  " — there  may  be  found  a  series  of 
minor  alternatives,  or  specifu  modifications,  some  of  them  standing 
more  or  less  apart  and  others  lying  midway  between  and  involving 
both  to  an  equal  degree.  As  an  example  of  the  latter  a  trulj  evap- 
orative carburetor  of  the  tank  and  wick  type  may  be  modified  by 
feeding  fuel  to  the  wick  by  a  proportionate-flow  device  instead  of 
allowing  the  wick  to  pick  up  and  feed  fuel  from  the  tank  by  capillar- 
ity. Evidently  an  apparatus  of  this  sort  might  be  classed  under 
either  process.  If  the  proportionate-flow^  feeder  were  so  regulated 
that  no  fuel  accumulated  on  the  wick  or  in  the  wick  chamber^  then 
evaporation  does  not  fix  the  proportion,  but  the  proportionate  feeder 
does,  and  the  device  is  a  proportionate-flow  carburetor.  On  the 
other  hand,  if  the  proportionate-flow  feed  delivered  an  excess  of 
fuel  over  what  could  be  carried  off  by  the  air  passing  the  wick,  some 
fuel  would  accumulate  on  or  about  the  wick,  and  the  proportions  of 
the  delivered  mixture  would  be  fixed  by  the  evaporative  and  not  by 
the  proportionate-flow  elements,  and  the  device  would  be  an  evap- 
orative carburetor.  Fortunately,  such  cases  as  this  are  rare,  or  there 
would  be  more  confusion  than  now  exists.  There  is  generally  no 
difficulty  in  interpreting  the  action  of  a  given  apparatus,  or,  to  state 
it  otherwise,  there  are  very  few  cases  where  the  basis  or  principle  of 
proportionality  depends  on  the  rate  of  feed,  the  adjustment  or  other 
operating  conditions,  within  the  working  range. 
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Another  sort  of  mixed  process  is  that  of  direct  injection  of  fuel 
by  a  pump  into  the  air^  the  pump  being  driven  by  the  pulsations  of 
the  air  pressure  in  the  mtake  passage  or  by  the  engine  directly,  and 
the  delivery  of  fuel  being  made  into  the  air  on  its  way  to  the  cylin- 
der through  the  intake  passages  or  directly  into  the  cylinder  after 
the  air  has  entered.  These  are  not  regarded  as  proportionate-flow 
processes,  because  in  general  there  is  no  definite  i)roportion  main- 
tained; but  also  because  the  air-flow  rate  is  not  of  itself  responsible 
for  the  quantity  of  fuel  fed.  If  a  constant-speed  engine  cylinder 
took  the  same^  amount  of  air  ever^  stroke  and  a  pump,  driven  from 
the  air  pulsations  or  from  the  engine,  delivered  the  same  amount  of 
fuel  at  the  same  time,  then  the  fuel  and  air  quantities  would  clearly 
be  in  proportion,  fixed  by  the  displacement  of  the  main  piston  and 
pump  plunger,  respectively,  with  corrections  for  volumetric  eflSciency. 
While  this  constitutes  one  series  of  mechanical  proportioning  means, 
the  cases  are  special,  as  also  is  the  engine-operative  condition  oi 
constant  speed  and  load,  to  which  they  are  applicable.  All  direct- 
injection  engines  with  or  without  compressed-air  sprays  constitute  a 
^uite  independent  class,  characterized  by  mixture  making  directly 
in  the  cylmder  and  have  practically  nothing  in  common  with  the 
carburetor  class  of  engines  making  mixtures  externally.  Pump  de- 
liveries to  carbureting  chambers  m  the  intake  passages,  when  the 
pump  is  driven  by  the  engine,  or,  in  fact,  in  any  way  except  by  the 
movement  of  the  entering  air,  are  excluded  from  the  proportionate- 
flow  class  because  the  flow  is  not  essentially  proportionate.  They 
constitute  an  additional  clasis  between  the  truly  proportionate-flow 
and  the  direct-injection  classes. 

When  the  air  flow  actuates  an  air  motor  equivalent  to  an  air  meter 
and  this  motion  in  turn  actuates  a  fuel  pump,  then  the  combination 
is  truly  a  proportionate-flow  carburetion  system,  operating  on  a 
constantly  metering  volume  ratio  at  all  rates  of  air  now,  and  in  all 
respects  equivalent  to  the  vacuum-controlled  flow  of  the  two  fluids 
through  two  separate  passages  to  a  conmion  point  of  mixing. 

With  this  general  review  as  a  basis,  the  search  for  possible  forms 
and  arrangements  of  parts  making  up  the  carburetor  proper  to 
operate  under  the  process  of  proportioning-flow  carburetion  may 
be  undertaken,  and  all  the  available  suggestions  for  the  ccmstruc- 
tion  of  proportionate-flow  carburetors  collected  and  compared.  This 
comparative  study  of  the  Qualitative  design  of  proportioning-flow 
carburetors  must  be^n  witn  the  collection  of  examples  from  any 
source,  which  must  then  be  grouped  into  typical  classes  on  the  basis 
of  functional  or  structural  similarity,  so  that  class  may  be  compared 
with  class  before  any  attempt  is  made  to  analyze  differences  of 
detail  within  each  class. 

The  best  source  of  information  for  this  purpose  is  clearly  the 
Patent  Office  record  of  inventions,  and  this  has  accordingly  been 
made  the  basis  of  the  study  which  constitutes  the  bulk  of  this  report. 
From  the  c^cial  classification  list  and  the  definitions  of  each  offi- 
cial class  and  subclass  a  selection  was  made  of  those  that  seemed 
likely  to  contain  patents  on  carburetors.  To  assist  in  this  work  of 
discovering  the  carburetor  patents  of  the  United  States  the  services 
of  a  competent  patent  lawyer  were  enlisted,  and  under  his  direction 
searchers  were  set  to  work  in  the  Patent  Office,  where,  aided  by  its 
officials,  a  list  of  United  States  carburetor  patents  was  prepared 
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and  copies  collected  for  study  and  comparison.  The  detailed  steps 
by  which  this  list  was  made  and  copies  of  each  patent  secured  are 
given  in  Part  II,  with  the  patent  number,  date,  title,  and  inventor's 
name,  arranged  according  to  the  official  classes,  subclasses,  and  cross 
referencea 

Havinjg  secured  copies  of  these  patents,  which  numbered,  after 
eliminating  duplicates,  about  8,400,  a  surprisingly  large  number  in 
view  of  the  fact  that  the  art  is  comparatively  a  new  one,  every 
patent  was  read  and  reclassification  begun  as  a  basis  for  the  com- 
parative study.  The  first  step  in  this  reclassification  divided  the 
patents  into  the  two  groups  of  " proportioning-flow  carburetors'' 
and  '^  other  subjects,"  the  latter  inclu(ung  parts,  attachments,  com- 
plete engines,  injectors,  and  all  "  evaporative  carburetors."  This 
made  about  an  equal  division  and  incidentally  brought  out  the  inter- 
esting fact  that  practically  all  the  older  carburetor  patents  are 
evaporative,  while  practically  all  the  recent  ones  are  proportioning 
flow  as  to  broad  process,  the  latter  beginning  about  the  year  1900  but 
not  becoming  really  numerous  until  about  the  year  1910.  This  shows 
that  the  proportioning-fiow  carburetor  art  is  about  17  years  old, 
the  official  life  of  a  patent,  and  that,  therefore,  most  modem  car- 
buretors fall  within  the  patent  life  and  must  be  either  themselves 
the  subject  of  an  active  patent  or  similar  in  some  respects  to  the 
disclosures  of  one  or  more  such  patents. 

Following  this  division  of  United  States  carburetor  patents  into 
" proportioning-flow "  cases  and  "other  subjects"  the  former  group 
was  restudied  for  the  purpose  of  subdivision  into  classes  according 
to  some  rational  basis  of  similarity.  This  step  brought  out  the  fact 
that  the  present  official  classification  is  not  a  good  one,  so  deficient 
in  elements  of  distinction  as  to  make  necessary  the  creation  of  a  new 
classification  before  any  comparative  study  could  be  made  at  all. 
This  new  classification  has  been  worked  out  and  the  "  proportioning- 
flow  "  carburetors  assigned  to  places  in  it  in  Part  III  of  this  report. 
The  very  great  labor  involved  in  reading,  reclassifying,  and  com- 
paring tnese  thousands  of  patents  in  the  limited  time  available  has 
probaoly  led  to  some  errors,  which  can  only  be  removed  by  a  sub- 
sequent checking,  but  it  is  believed  that  the  results  reported  are 
correct  in  the  main  and  mistakes  are  confined  to  individual  case^. 
To  make  this  sort  of  study  quite  complete  and  of  the  utmost  practi- 
cal value,  not  only  to  designers  but  also  to  patent  lawyers  interested 
in  soliciting  new  patents  or  in  litigations  over  existing  ones,  the 
new  classincation  and  relisting  should  first  be  checked  and  later 
extended  to  include  the  cases  of  the  leading  foreign  patent  offices. 
It  is  hoped  that  the  value  of  so  doing  will  seem  to  parties  interested 
great  enough  to  have  the  required  funds  made  available. 

Following  the  reclas^cation  and  relisting  of  the  United  States 
proportioning-fiow  carburetor  i)atents  the  general  characteristics  of 
each  new  class  and  subclass  is  given  and  structural  variations  within 
each  class  illustrated  by  photographic  reproduction  of  the  drawings 
of  typical  patents,  the  number  of  which  so  reproduced  is  about  450. 
This  illustrated  review  of  the  functional  ana  structural  character- 
istics of  proporticHQing-flow  carburetors  is  the  subject  matter  of 
Part  in  of  this  report,  which  brings  out  a  most  amazing  wealth  of 
material  as  to  form  and  arrangement  of  parts.  Even  a  brief  review 
of  this  secticMi  of  tiie  work  will  convince  the  most  skeptical  that  so 
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far  as  qualitative  design  of  proportioning-flow  carburetors  is  con- 
cerned tnere  is  little  to  oe  desired,  and  that  whatever  may  be  lacking 
in  carburetors  or  carburetor  design  is  mainly  quantitative  in  char- 
acter. An  effort  is  made  in  this  comparative  study  of  functional 
characteristics  of  the  new  classes  and  subclasses  to  point  out  the 
most  promising  ones  from  the  standpoint  of  automatic  proportion- 
ing at  any  rate  of  flow,  so  as  to  stimulate  inventive  and  designing 
effort  in  this  direction.  Concentration  of  thought  alon^  the  more 
promising  lines  shotdd  result  in  neater  and  more  rapid  advance 
and  perfection  of  the  needed  appliances  than  the  scattering  of  the 
same  effort  over  the  whole  field,  which  includes  some  types  or  classes 
of  very  much  less  promise.  Of  course  it  is  hardly  to  be  expected 
that  there  will  be  a  general  acceptance  of  the  guides  offered,  espe- 
cially among  inventors  interested  in  what  have  been  reported  as  the 
less  promising  groups,  as  the  inventive  mind  normally  resists  guid- 
ance. However  this  may  be^  it  is  hoped  that  this,  the  first  systematic 
effort  to  bring  some  order  into  what  has  been  a  most  chaotic  situa- 
tion, will  bear  sufficient  fruit  to  justify  the  serious  painstaking  labor 
that  has  been  expended. 

No  arrangement  of  parts  intended  to  act  as  a  proportioning-flow 
carburetor  can  be  conceived  that  does  not  involve  some  mental 
assumption  of  a  law  of  flow  for  the  fuel  and  for  the  air,  relating 
rate  of  flow  to  pressure  drop  or  vacuum.  Therefore  in  every  one 
of  these  many  hundreds  of  patents  there  is  indirectly  involved  some 
such  assumption  by  the  inventor^  either  consciously  or  unconsciously. 
With  only  a  few  isolated  exceptions,  not  one  of  them  gives  any  ink- 
ling of  what  flow  law  is  assumed  to  hold  in  his  device,  although 
nearly  all  assert  their  object  to  be  the  production  of  a  device  that 
either  holds  the  proportions  constant  under  all  conditions  or  ^ves 
some  specific  sort  or  control  over  proportiona  In  some  cases  it  is 
quite  clear  that  there  is  no  understanding  of  the  general  principles 
of  fluid  flow  at  all,  while  in  others  the  principles  have  clearly  served 
to  guide  the  design  which,  therefore,  is  at  least  qualitatively  cor- 
rect and  requires  only  the  application  of  the  numerical  values  in  the 
flow  equations  to  its  dimensions  to  be  quantitatively  correct  also 
or  which  can  be  made  correct  experimentally  without  solving  the 
equations  numerically.  One  pret^  common  violation  of  the  prin- 
ciples of  flow  for  air  is  neglect  or  its  critical  pressure  drop  limit, 
according  to  which  no  increase  of  air  flow  through  an  orifice  takes 
place  after  the  pressure  drop  through  it  exceeds  a  given  value  some- 
where about  four-tenths  of  the  absolute  pressure  on  the  supply  side. 
This  becomes  a  most  serious  interference  with  proportionality  when 
it  is  remembered  that  it  does  not  apply  to  the  liquid  orifice  acted 
upon  by  a  similar  pressure  drop,  so  tnat  however  regularly  the  air 
and  fuel  may  increase  together  as  pressure  drop  increases  from  zero 
there  comes  a  time  when  the  air  flow  ceases  to  increase  while  the 
fuel  goes  on.  Other  violations  of  a  jgeneral  character  include  the 
implied  assumption  of  a  constant  coefficient  of  efflux  for  both  fuel 
and  air  orifices,  which  may  actually  vary  100  per  cent,  also  neglect 
of  the  differences  between  capillary  and  orifice  types  of  fuel  pas- 
sages and  the  effect  of  the  pressure  drop  itself  on  the  law  of  now 
for  a  ffiven  passage. 

Witnout  undertaking  any  new  experimental  determinations  of 
the  flow  laws  and  their  coemdents  for  air  and  gasoline  in  passages 
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of  the  forms  and  size  appropriate  to  carburetors,  it  is  unportant 
that  the  known  principles  and  facts  on  the  subject  be  reviewed  for 
two  reasons,  first  to  indicate  the  extent  of  the  justification  for  the 
implied  assumption  of  some  sort  of  flow  law  in  all  of  these  inven- 
tions, and  second  to  clear  the  way  for  such  new  experimental  deter- 
minations as  may  be  necessanr  for  imdertaking  their  quantitative 
design  on  a  natural  basis.  This  review  of  existing  flow  laws  and 
flow  data  forms  the  subject  matter  of  Part  V  of  this  report  and 
proves  beyond  question  that  present  knowledge  is  wholly  inadequate, 
and  that  new  experimental  determinations  must  be  made  just  as  soon 
as  possible. 

Discussion  and  argument  can  never  be  as  convincing  as  proved 
facts.  On  the  question  of  proportionality  in  engine  carouretors,  no 
amount  of  reasoning  as  to  why  one  of  them  should  or  ^ould  not  be 
characterized  by  constant  proportions  as  flow  rate  changes,  can  equal 
in  value  an  experimental  determination.  For  this  reason  10  of  the 
leading  American  carburetors  were  secured  by  loan  from  their  makers 
with  tne  assistance  of  the  Automobile  Chamber  of  Commerce,  and 
were  subject  to  tests  for  proportionality  of  air  to  fuel  over  a  wide 
range  of  flow  rates.  The  methods  and  apparatus  used,  together  with 
the  results  obtained,  are  given  in  Part  vT,  the  last  section  of  this 
report.  While,  as  nad  been  expected  no  one  of  them  was  able  to 
keep  the  proportions  constant,  as  the  rate  of  flow  was  varied  either 
by  throttle  position  at  a  constant  engine  speed  or  by  engine  speed  at 
a  constant  throttle  position,  yet  the  actual  or  possible  approach  to 
constancy  for  the  whole  group  is  wonderfully  good,  considering  the 
absence  of  exact  flow  law  data  and  the  fact  that  practically  all  are 
products  of  cut  and  try  or  empiric  design,  as  distinguished  from  the 
rational  or  scientific.  In  some  cases  the  results  are  so  verv  good 
as  to  lead  to  the  belief  that  substantial  constancy  within  a  few  per 
cent  of  actual  constancy  of  proportions  of  air  to  fuel  is  within  reach 
and  will  be  generally  obtainable  in  carburetors  of  considerable  variety 
as  to  form,  as  soon  as  flow  law  data  becomes  available  to  designers. 
Furthermore,  should  it  appear  after  a  series  of  engine  tests  on  differ- 
ent mixtures  that  constancy  of  proportions  is  not  desirable,  but  that 
a  certain  rate  of  leaning  or  enriclung  is  desirable  as  load  or  speed 
varies,  there  is  equal  promise  that  it  can  be  obtained.  In  short,  tnere 
is  every  reason  to  believe  that  the  period  of  pure  invention  where 
wondering^  guessing,  and  assuming  constitute  the  only  guides,  a 
period  typical  of  the  youth  of  any  new  art,  is  about  to  give  way  to 
the  second  and  permanent  stage  of  designing  where  proved  facts 
and  authentic  data  form  the  basis  of  practice.  Such  a  situation  can 
be  most  quickly  brought  about  by  making  the  experimental  determi- 
nations recommended  in  the  ^^  Conclusions,''  ana  giving  the  results 
the  widest  possible  publicity. 

While  proportionality  control  is  the  prime  consideration  in  any 
carburetor,  it  is  not  in  itself  sufficient  to  make  a  good  carburetor, 
and  while  proportionality  must  be  controlled  through  suitable  ar- 
rangements of  properly  formed  and  dimensioned  parts  based  on 
established  flow  laws,  there  are  certain  other  structural  elements 
necessary  to  a  practical  carburetor.  Finally  there  is  reason  to  be- 
lieve that  there  must  be  some  elements  of  carburetor  design  con- 
cerned with  adaptability  to  a  given  engine  or  to  definite  operating 
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conditions  of  a  given  engine  or  to  a  given  fuel  that  may  not  be 
brought  out  by  confining  the  study  to  proportions  alone,  or  to  steady 
flow  alone,  or  even  to  any  particular  sort  of  pulsating  flow.  These 
are  all  matters  worthy  of  careful  consideration,  but  somewhat  in- 
tangible and  elusive  in  character,  certainly  at  the  present  time. 
Partly  for  this  reason  and  partly  because  all  the  time  available  has 
been  consumed  in  reaching  the  point  here  reported,  these  matters 
or  the  items  concerned  with  them  can  not  be  given  more  than  a  brief 
notice,  which  is  included  so  that  they  be  not  forgotten  or  their  im- 
portance minimized.  , 

Next  to  proportionality  control  in  basic  importance  in  mixture 
making  comes  mixture  qualitv  defined  by  wetness,  superheat  and 
pressure,  or  in  general  by  its  physical  condition.  Other  things  being 
equal,  mixtures  having  higher  absolute  pressures  in  the  intake  pas- 
sages should  develop  mean  effective  pressures  that  are  dir^tly  pro- 
portional to  the  absolute  pressures,  and  this  is  a  matter  of  consid- 
erable importance  in  aero  engines  or  others  where  least  weight  per 
horsepower  is  a  prime  factor.  Some  classes  of  carburetors  present 
fixed  areas  of  air  and  mixture  passages  for  the  flow,  while  others 
increase  the  area  as  flow  rate  increases,  and  therefore  should  be  cap- 
able of  developing  higher  mean  effective  pressures  and  more  power 
in  a  given  engine  unless  some  other  variable  or  factor  neutralizes 
this  possibility.  The  importance  of  this  mixture  pressure  factor  in 
mixture  density  is  recognized  in  some  of  the  patents  which  disclose 
fans  or  blowers  driven  from  the  engine  and  placed  either  before  the 
carburetor  or  between  it  and  the  engine.  This  arrangement  seems 
to  have  some  possibilities  worth  investigating,  because  the  power  to 
pump  the  charge  is  far  less  than  the  promise  of  increased  engine  out- 
put, though  of  course  there  must  be  a  decrease  of  thermal  ^ciency. 
Adding  to  such  blowers  or  fans  a  barometric  type  of  control  of 
delivery  pressure  would  seem  to  offer  a  means  of  neutralizing  the 
effect  of  altitude  on  engine  power  which  with  aero  engines  may  be 
considerable. 

Such  moving  parts  as  fan  rotors  in  the  path  of  the  mixtuire  make 
excellent  mixers  or  mixture  homogenizers,  and  homogeneity  of  mix- 
ture is  a  matter  of  coordinate  importance  with  proportionality 
and  density.  While  with  the  small  passages  suited  to  small  engines, 
a  stream  of  gaseous  fuel  or  of  very  light  gasoline  may  be  relied  upon 
to  automatically  mix  with  the  air  and  produce  a  reasonably  homoge- 
neous mixture  by  the  action  of  the  header  and  valve  pocket  eddy 
currents  alone.  This  is  not  true  with  heavy  gasolines  that  can 
only  partially  vaporize  in  air  at  atmospheric  temperature,  nor  is  it 
true  with  large  engines  developing  several  hundred  horsepower  in 
a  single  unit.  The  heavier  the  fuel  and  the  larger  the  intake  pas- 
sage, the  more  important  becomes  the  matter  of  specific  mixing  or 
homogenizing  means  involving  either  fixed  or  rotating  parts.  Any 
unvaporized  lic[uid  fuel  must  be  distributed  as  uniformly  as  possible 
through  the  air  in  the  form  of  the  finest  possible  fog,  and  heavy 
drops  or  wall  streams  of  liquid  must  be  elimmated  if  any  good  effect 
of  proper  proportionality  control  is  to  be  secured. 

As  an  alternative  to  such  stirrers  or  fine  spray  fog  distributors 
of  unvaporized  fuel  through  the  air,  the  mixture  may  be  heated  to 
remove  the  liquid,  or  a  li^t  easily  vaporizable  fuel  may  be  substf- 
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tuted  for  the  heavy.  At  the  present  time,  in  the  absence  of  exact 
data  on  the  effects  of  any  liquid  in  the  mixture  as  to  degree,  and 
relying  on  the  established  fact  that  much  liquid  not  specials  treated 
with  reference  to  fog  making  and  air  mixing  produces  very  bad  com- 
bustion, it  is  recommended  that  for  aero  use  at  least  nothing  but 
the  lighter  gasolines  of  76°  Baum6  or  better  be  used.  Some  of  this 
grade  of  gasoline  was  obtained  for  thepurpose  of  proportionality 
tests  from  the  American  Oil  Works  of  Titusville,  Pa.,  and  its  supe- 
rior vaporization  over  the  common  fuel  gasoline  of  the  market  is 
proved  by  the  larger  drop  in  temperature  observed  and  reported 
m  the  tests  as  the  mixture  formed  in  the  carburetor.  While  such 
gasoline  brings  a  higher  price  than  the  common  heavy  grade,  the 
excess  is  not  very  much  considering  the  superior  vaporizmg  qualities, 
and  such  differences  in  cost  as  exist  are  matters  of  negUgible  im- 
portance for  military  aero  work  on  this  oil-producing  country. 

The  mixture  heating  alternative  to  using  sufficiently  light  grades 
of  gasoline  for  making  homogeneous  dry  mixtures  or  to  spraying 
means  of  distributing  unvaporized  liquid  through  wet  mixtures  is 
one  that  requires  exact  experimental  tests  to  determine  its  compara- 
tive value.    It  is  of  importance  only  with  heavy  fuels  carrying  con- 
stituents that  will  not  vaporize  without  more  heat  than  can  be  derived 
from  atmospheric  air.    While  heaters  for  such  mixtures  are  now 
available,  it  is  not  possible  to  sa^  whether  it  is  better  for  a  given 
engine  to  use  wet  mixtures  with  stirrers  or  fog  distributors  or  to  dry 
them  by  heat,  starting  with  heavy  fuel ;  or  to  do  neither,  but,  on  the 
other  hand,  substitute  light  fuel.    Of  course,  in  the  absence  of  a 
limit  to  supply  and  cost,  the  last  is  clearly  the  wise  course.    Any 
heating  of  the  mixture  decreases  its  density  just  as  does  a  reduction 
of  pressure,  so  heating  must  not  be  resorted  to  unless  the  gain  frcMn 
its  use  exceeds  the  value  of  the  power  lost,  and  this  gain  is  almost 
exclusively  a  gain  in  thermal  efficiency  due  to  better  combustion, 
with  a  corresponding  improvement  in  lubrication  and  interior  fouling 
conditions  over  wet,  cold  mixtures.    No  better  proof  of  the  sdtuation 
is  available  than  the  two  related  established  facts  (a)  that  maximum 
power  and  maximum  efficiency  are  not  simultaneously  obtainable 
with  any  but  dry  mixtures,  and  (&)  that  the  carbon  monoxide  and 
the  free  oxygen  in  the  exhaust  can  not  both  be  brought  to  zero  at  the 
same  time,  except  with  dry  mixtures.    If  therefore  heavy  fuels  must 
be  used,  which  does  not  seem  to  be  the  case  for  aero  service,  it  is 
necessary  to  experimentally  determine  the  best  degree  of  wetness  for 
both  power  and  efficiency,  and  the  comparative  engine  performance 
with  dry  mixtures  made  dry  by  mixture  heaters.    These  are  matters 
of  coordinate  importance  with  proportionality  for  which  similar 
data  are  required  to  establish  the  allowable  or  required  range  from 
constancy  if  there  is  any  at  all  for  best  all-round  engine  perform- 
ance.   Taken  together  the  results  of  such  tests  should  lead  to  the 
establishment  of  specification  for  mixtures  best  suited  for  a  given 
engine  with  the  same  sort  of  precision  that  is  now  in  general  use  in 
the  steam  and  vacuum  specifications  for  steam  turbines.    Given  such 
mixture  specifications  and  the  suitable  basic  scientific  data  on  car- 
buretor phenomena,  the  carburetor  desi^er  may  then  follow  the 
same  general  methods  used  by  the  designer  of  steam  boilers  or 
condensers. 
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As  to  proportionality  itself,  it  must  be  assumed,  pending  experi- 
mental proof  to  the  contrary,  that  en^nes  require  mixtures  in  con- 
stant proportions  because  of  the  chemical  nature  of  the  reaction  and 
the  thermodynamic  re(|uirement  that  maximum  power  and  efficiency 
should  result  from  mixtures  leaving  no  unbumed  fuel  and  having 
the  highest  calorific  power  per  pound  of  mixture.  ^  While  among 
carburetor  and  en^e  men  there  may  be  found  opinions  that  under 
this  or  that  condition  the  mixture  must  be  rich,  it  is  also  true  that 
air  measurements  are  practically  unknown  among  them,  and  there- 
fore the  proportions  can  not  be  known.  Many  such  cases^  investi- 
gated have  led  to  the  conclusion  that  the  meaning  intended  is  rather 
that  the  mixture  must  be  made  richer  than  it  was  or  than  at  other 
times  and  not  that  it  must  depart  from  actual  constancy. 

There  are  some  subsidiary  problems  of  carburetor  design  worthy 
of  notice,  even  though  time  is  not  available  for  their  investigation 
at  this  time.  The  first  group  of  these  includes  the  several  effects  of 
differences  in  the  inertia  of  air  and  gasoline,  the  engine-operating 
conditions  that  bring  them  into  action,  and  tne  corrective  means  to 
be  introduced  to  meet  interferences  with  proper  en^ne  working. 
No  matter  how  many  cylinders  there  may  be  nor  how  high  the  speed, 
the  flow  through  the  passages  of  a  carburetor  and  through  the  intake 
header  between  it  ana  the  inlet  valve  ports  is  not  a  steady  but  a  pul- 
sating flow.  There  is  throughout  the  mixture  making  and  supply 
system  a  series  of  more  or  less  irregular  pressure  and  velo^sity  waves, 
and  there  must  be  some  reflections^  returns,  and  s]mchronizing  heat 
phenomena.  Practically  nothing  is  known  of  these  conditions  ex- 
cept that  they  exist  and  that  should  the  pulsations  vary  in  amplitude 
or  periodicity  bad  effects  must  follow,  because  in  such  a  case  the 
difference  between  the  inertia  of  air  and  gasoline  passing  through 
its  carburetor  feed  passages  or  passing  through  the  manifold  pas- 
sages beyond  the  carburetor  must  cause  a  lag  of  flow,  positive  ac- 
celeration producing  a  fuel  lag  and  negative  acceleration  an  air  lag. 
The  natural  period  of  oscillation  of  the  fuel  in  its  float  chamber  and 
feed  passage  may  synchronize  in  beats  with  the  mixture  pulsations, 

Sroducing  periodic  proportionality  changes,  and  the  surging  speed 
uctuations   observea   m   some   engines   operating   on    wide-open 
throttle  with  a  steady  lead  may  be  traced  to  such  sources. 

Any  sudden  change  of  flow  rate  in  the  carburetor,  whether  pro- 
duced by  a  quick  throttle  movement  or  by  a  change  of  lead  torque 
without  a  throttle  movement,  must  produce  mixture  proportionality 
changes  by  inertia^  which,  even  though  momentary,  may  yet  last 
loi^  enough  to  seriously  interfere  with  operation  or  even  stop  the 
engine  under  lead  and  thereby  condemn  as  unserviceable  an  other- 
wise perfectly  good  carburetor.  A  sudden  increase  of  flow  rate  will 
tend  to  produce  a  lean  mixture,  because  the  liquid  fuel  accelerates 
more  slowly  than  the  air,  while  a  sudden  decrease  of  flow  rate  pro- 
duces the  reverse  action^  the  mixture  enriching  and  in  some  cases 
the  liquid  flow  continumg  after  air  flow  has  stopped  enough  to 
visibly  spill  fuel.  Normally  such  actions  as  these  are  most  com- 
monly produced  by  quick  movements  of  the  throttle,  by  means  of 
which  tne  flow  rate  may  be  changed  in  a  fraction  of  a  second  from 
practically  zero  to  a  very  high  maximum  of  several  hundred  feet 
per  second.    Throttle  closure  is  not  so  serious  as  throttle  opening, 
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because  mixtures  momentarily  become  rich  instead  of  lean  and  do 
ignite  even  when  very  rich,  faiecause  also  in  extreme  cases  of  sudden 
complete  closure  the  main  fuel  let,  which  is  tending  to  make  the 
mixture  overrich,  is  thrown  completeljr  out  of  action  in  manjr  modem 
designs,  a  low  speed  or  idling  jet  being  brought  into  action  as  an 
alternate.  It  is  on  quick  throttling  opening,  suddenly  demanding 
more  power,  that  greatest  difficulty  arises,  because  then  the  mixture 
naturally  tends  to  become  lean  by  inertia,  and,  having  so  low  a  flame 
propagative  rate,  produces  back-fires  or  completely  misses  fire  in 
extreme  cases,  the  least  evil  effect  being  a  la^  m  acceleration  of  the 
engine.  This  has  been  met  by  the  introduction  of  the  accelerating 
cup,  many  forms  and  connections  of  which  are  illustrated  in  this 
report,  some  used  in  connection  with  idling  jets  and  others  inde- 
pendent. The  accelerating  cup,  so  called,  is  a  small  chamber,  usually 
shunt  connected  to  the  main  fuel  passage  and  between  the  jet  and 
float  chamber,  so  arranged  that  it  fills  on  slow,  steady  running  and 
empties  through  the  main  or  through  a  separate  nozzle  whenever 
the  acceleration  conditions  tend  to  make  the  flow  through  the  regular 
fuel  channels  insufficient,  the  fuel  from  the  cup  being  added  to  com- 
pensate for  the  momentary  main  jet  leanness.  \Vhile  the  accelerating 
cup  is  the  present  solution  of  leanness  due  to  inertia  developed  on 
accelerating  the  flow  and  the  idling  jet  is  in  one  sense  the  eauivalent 
for  a  decreased  flow,  the  latter  alio  serves  another  useful  junction, 
that  of  relieving  the  main  passages  of  the  requirement  of  maintain- 
ing proportionality  over  the  lowest  ranges  of  flow  rates,  and  both 
are  comparatively  recent  developments  in  this  carburetor  field,  at 
least  so  far  as  adoption  and  use  are  concerned. 

It  is  well  to  point  out  here  that  neither  the  idling  jet  nor  the 
accelerating  ciip  must  be  confused  with  the  lifting  tube,  which  is 
perhaps  a  still  more  recent  development  forced  into  use  by  heavy 
fuels  which  resist  vaporization  and  which  at  low  flow  rates  will  not 
rise  with  the  air  in  the  mixing  passages,  because  the  air  velocity  is 
not  ^eat  enough  to  overcome  the  gravity  of  the  liquid.  The  lifting 
tube  is  a  small  passage  in  parallel  with  the  main  one,  and  either  a 
part  of  it  or  quite  separate,  through  which  the  velocity  is  always 
great  enough  to  lift  the  fuel  no  matter  what  the  flow  rate  or  throttle 
position,  and  at  high  flow  rates  the  lifting  tube  may  remain  in  action 
or  go  out.  In  any  case  the  fuel  passing  up  the  lifting  tube  has  come 
from  the  main  and  not  from  a  separate  fuel  nozzle,  as  is  the  case  with 
the  idling  passages. 

Liquid  inertia  versus  that  of  air  or  vapor  also  plays  a  part  in  the 
mixture-distributing  header  or  intake  manifold  between  the  jf  ar- 
buretor  and  the  several  inlet- valve  ports  whenever  any  unvaponzed 
liquid  is  present.  This  liquid  will  not  turn  at  bends  in  the  same  pro- 
portionate way  as  does  the  gaseous  constituents,  but  the  walls  will 
act  like  separators,  tending  to  collect  the  liquid  in  streams,  which 
run  along  the  surfaces  where  the  mixture  velocity  is  least.  Therefore 
header  design  has  become  a  part  of  the  problem  of  carburetor  de^ 
sign  since  heavy  gasolines  began  to  replace  the  old  and  once  uni- 
versally used  light  ones. 

Another  group  of  subsidiary  design  problems  is  concerned  w^ith 
the  supply  of  liquid  to  the  metering  nozzles  and  involves  the  fuel 
passages,  the  float  chamber,  float,  and  float  valve,  and  their  design 
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with  reference  to  tilting^or  vibration  on  the  one  hand  and  to  clog- 
ging of  small  passages  with  dirt  or  gum  on  the  other.  While  all 
carburetors  are  not  provided  with  float  chambers,  some  having  over- 
flow chambers  especially  for  stationary  large  tractor  use  and  a  few 
having  diaphragm  chambers  or  pressure  feeds  without  any  fixed 
level  auxiliary  chamber  at  all,  it  is  nevertheless  a  fact  that  practi- 
cally all  carburetors  used  in  transportation  work  have  constant-level 
chambers,  float- valve  controlled,  from  which  the  metering  fuel  nozzle 
takes  its  supply.  Both  the  designer  of  the  carburetor  and  the  user 
of  the  instrument  assume  that  the  passages  through  which  the  flow 
is  to  take  place  have  a  definite  area  and  that  the  level  in  the  float 
chamber  is  at  a  definite  distance  below  the  fuel-nozzle  tip.  Should 
the  fuel  passages  become  clogged  with  solid  matter,  due  to  a  failure 
to  properly  filter  the  fuel  or  clean  out  a  loaded  filter  member  or  with 
gumming  matter  that  is  now  found  occasionally  to  collect  from  the 
fuel  itself,  it  is  clear  that  all  calculations  and  experimental  perfec- 
tion have  suddenly  been  rendered  useless.  It  is  not  sufficient  to  as- 
sume that  these  things  will  not  happen,  but  every  carburetor  should 
be  so  constructed  as  to  make  it  easy  to  clean  out  any  of  its  pas- 
sages and  without  requiring  the  poking  of  wires  into  delicately 
adjusted  fine  metering  orifices,  so  that  their  area  is  changed  and  the 
original  proportionality  destroyed.  For  the  same  reason  any  fuel 
valves  must  be  so  designed  that  battering  or  wearing  of  the  seat  or 
valve  is  either  impossible  or  immaterial  so  far  as  proportionality 
is  concerned. 

Perhaps  as  common  and  serious  a  mechanical  interference  with 
proportionality  as  any  is  the  variations  in  fioat  chamber  level  nor- 
mally assumed  to  be  constant  but  just  as  often  not.  It  is  easily  pos- 
sible for  the  level  to  change  as  much  or  more  than  the  head  produc- 
ing the  fuel  fiow  at  low  flow  rates,  and  if  it  does  there  must  follow 
a  variation  of  proportions  of  a  hundred  per  cent.  Fortunately  at  the 
normal  working  flow  rates  the  possible  variation  in  float  chamber 
level  is  a  negligible  fraction  of  the  fuel  flow  head  in  most  carbu- 
retors, but  in  some  of  them,  those  in  which  the  vacuum  increases 
least  with  flow  rate,  the  effect  is  more  serious,  and  as  there  are  car- 
buretors that  produce  the  most  dense  mixtures  the  matter  is  one 
of  importance.  Aside  from  leaky  float  valves,  or  valves  of  insuffi- 
cient size,  or  valves  operated  with  improper  linkage  to  the  fioats^  or 
having  list  motion  in  the  linkage,  all  of  which  may  be  responsible 
for  changes  of  level  that  should  not  be  permitted,  and  all  of  which 
are  easily  removable  by  good  mechanical  design  once  they  are  recog- 
nized, there  are  some  operating  conditions  that  cause  trouble  of  a 
deeper  seated  kind  more  difficmt  to  remove.  These  are  tilting  and 
vibration,  both  of  which  are  apt  to  be  exaggerated  to  the  limit  in 
aero  engines.  In  any  but  an  annular  float  chamber  having  the  meter- 
ing nozzle  at  the  center,  tilting  changes  the  hydraulic  head  on  the 
nozzle  and  when  the  flow  inducing  vacuum  is  small  at  the  nozzle 
tip,  this  change  of  head  by  tilting  may  be  an  appreciable  part  of  the 
whole  flow  head  and  proportionality  destroyed.  This  would  seem  to 
be  an  argument  in  favor  of  the  annular  over  the  side-connected  float 
chamber  and  important  in  proportion  as  the  vacuum  at  the  fuel  noz- 
zle is  low,  though  negligible  when  it  is  high,  but  for  high  capacity 
light-weight  engines  the  low  vacuum  has  much  in  its  favor  as  a 
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means  of  securing  high  density  mixtures.  However,  the  matter  of 
float  chamber  form  and  position  may  be  settled  with  reference  to 
tilting  there  remains  the  vibration  interference.  Perfectly  ^ood  car- 
buretors have  been  observed  to  overflow  their  float  chambers  and 
spill  as  much  gasoline  as  they  used  when  vibrating  under  the  shak- 
ing influence  of  the  en^ne  at  some  particular  engine  speed  which 
seemed  to  synchronize  with  the  natural  period  of  oscillation  of  either 
the  float  itself  or  the  free  liquid  in  the  chamber.  No  adequate  remedy 
for  this  seems  to  be  available  nor  for  the  overflow  and  spilling  from 
an  excessively  tilted  chamber,  whether  concentric  or  side  attached, 
but  it  seems  clear  that  this  is  a  mechanical  problem  worthy  of  study, 
the  design  of  constant  level  chambers  that  really  maintain  the  level 
do  not  spill,  in  spite  of  tilting  to  any  an^le  met  in  service  even  ab- 
normally, and  quite  independent  of  any  vibration. 


Digitized  by 


Google 


REPORT  No-  IL 

PART  II. 


By  Chablbs  EL  Lxtcke. 


CARBURETOR  PATENTS  OF  THE  UNITED  STATES. 

As  the  moBt  fruitful  source  of  information,  copies  of  all  patents 
on  carburetors  listed  in  the  United  States  Patent  Office  have  been 
collected  and  later  reclassified  for  comparative  study.  The  location 
of  these  patents  being  a  difficult  matter,  in  view  of  the  present 
official  classification,  the  services  of  a  patent  attorney,  Mr.  A.  L.  Kent, 
of  New  York  City,  were  enlisted,  ana  under  his  direction  the  search 
was  conducted,  lists  for  the  various  subclasses  prepared,  and  copies 
of  each  one,  after  eliminating  duplicates,  secured. 

As  a  first  step  the  following  definition  of  what  was  wanted  was 
submitted  to  Mr.  Kent  as  a  guide  in  his  work : 

For  the  purpose  of  this  Inquiry  a  carburetor  may  be  defined  as  an  appliance 
to  be  attached  to  an  Internal-combustion  engine,  adapted  to  receive  air  and 
Uquld  fuel,  and  to  deliver  to  the  engine  an  explosive  mixture. 

By  this  definition  all  appliances  that  are  not  distinctly  attachments  are  ex- 
cluded, but  there  is  Included  everything  that  makes  an  explosive  mixture  from 
liquid  fuel  and  air  when  attached  to  the  suction  or  Intake  port  of  an  internal- 
combustion  engine.  More  particularly  are  we  concerned,  though  by  no  means 
exclusively,  with  that  group  of  carburetor  appliances  In  which  the  suction  of 
the  engine  through  some  passage  produces  a  reduction  of  pressure  at  a  given 
point  and  induces  a  fiow  of  gasoline  by  reason  of  that  reduced  pressure.  This 
class  is  often  described  as  the  jet  carburetor,  vacuum  Jet,  suction  spray,  etc 
This  is  the  class  In  common  use  on  present  automobiles,  motor  boats,  aero- 
planes, tractors,  railroad  gasoline  cars  and  locomotives,  and  a  considerable 
number  of  gasoline  stationary  engines. 

The  foregoing  was  later  supplemented  by  more  specific  instructions 
to  disregard  internal  vaporizing  devices;  that  is,  those  in  which  the 
fuel  is  vaporized  in  the  engine  cylinder  or  in  a  combustion  chamber, 
including  devices  in  which  the  fuel  liauid  is  sprayed  into  the  cylinder 
without  being  previously  mixed  witn  air,  and  devices  in  which  a 
pump  supplies  the  fuel  liquid  unmixed  with  air  to  the  cylinder  or 
other  combusion  chamber;  and  to  list  devices  in  which  the  fuel  liquid 
enters  the  cylinder  or  combustion  chamber  as  a  vapor,  including 
those  in  which  the  liquid  is  externally  vaporized  but  internally  mixed 
with  a  part  or  all  of  the  air,  devices  in  which  a  pump  supplies  the 
liquid  to  a  charge-forming  device,  and  carburetors  and  parts  and 
attachments  for  operating  with  kerosene  and  other  comparatively 
heavy  oils. 

With  this  information,  the  procedure  followed  is  given  by  Mr. 
Kent,  as  follows: 

I  first  went  over  with  you  the  definition  of  subclasses  In  the  two  classes  of 
the  Patent  Ofllce  Classification  of  Patents  which  at  the  time  contained  most 
of  the  carburetor  patents ;  that  Is,  class  48,  gas,  heating,  and  muminating ;  and 
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cUu»  123,  internal-combustion  engines;  and  the  following  subclasses  were  se- 
lected to  be  ordered  complete,  namely : 

In  class  48:  Subclasses  144, 145, 146, 148, 149, 150, 150.1, 150.2, 150.3,  151, 152,  . 
153,  154,  154.1,  155,  155.1,  155.2,  156,  157,  158,  159,  160,  163,  164,  165,  166,  167, 
16a,  169,  and  219. 

In  class  123 :  Subclasses  119, 121, 131,  and  132. 

In  order  to  be  sure  of  getting  all  the  patents  in  these  subclasses,  and  also 
copies  of  patents  cross-referenced  into  these  subclasses  from  other  subclasses, 
I  had  copies  made  of  the  subclass  lists  in  the  Publications  Division  of  the 
Patent  Office  and  then  had  these  lists  checked  and  completed  from  the  bundles 
of  patents  in  the  Patent  Office  search  room ;  and  for  each  subclass  I  had  the 
cross-reference  patents  in  the  bundles  in  the  search  room  listed  and  then  had 
these  cross-reference  patent  lists  checlced  and  completed  from  cross-reference 
lists  in  the  Classification  Division  of  the  Patent  Office.  The  patents  in  the 
above  subclasses  were  then  ordered  from  these  lists,  excepting  the  cross- 
reference  patents,  and  a  single  list  of  cross-reference  patents  from  the  several 
subclasses  was  made  up,  eliminating  duplicates,  and  the  patents  on  such  list 
were  also  ordered. 

These  patents,  about  3,500  in  all,  including  several  hundred  of  the  cross- 
reference  patents  which  were  duplicates  of  patents  belonging  to  the  subclasses 
and  which  are  omitted  from  list  No.  2  above  referred  to,  were,  through  the 
courtesy  of  the  Commissioner  of  Patents,  furnished  by  the  Patent  Office  without 
charge  after  the  purpose  for  which  they  were  wanted  by  you  was  explained  to 
the  commissioner,  and  with  the  understanding  that  they  were  to  be  obtained 
only  for  such  use. 

I  also  had  the  following  subclasses  in  class  123  and  various  other  classes 
searched  or  examined  for  the  purpose  of  selecting  carburetor  patents  such  as 
you  were  interested  in : 

Class  60:  Subclasses  4,  28,  86,  and  37  (searched). 

Class  67:  Various  subclasses  (examined). 

Class  103:  Subclasses  67,  78.  79,  and  84  (searched). 

Class  115:  Subclass  13  (searched). 

Cnass  122:  Subclass  24  (searched). 

Class  123:  Subclasses  3.  4,  7  to  18.  20,  21,  22,  25  to  29,  34  to  59,  62  to  69,  71, 
73,  75,  76,  78.  79,  82,  92, 97  to  106,  108, 110  to  118,  122  to  130,  133  to  142,  180,  and 
191  (all  except  a  few  searched,  and  a  number  of  other  subclasses  looked  into). 

Class  126:  Subclasses  249  and  251  (searched). 

Class  158:  Subclasses  36  to  73  (searched). 

Class  160:  All  three  subclasses  (examined). 

Class  162:  All  three  subclasses  (examined). 

Class  230:  Subclass  13  (searched). 

Class  236;  All  subclasses  (examined). 

Class  257:  Subclass  52  (searched). 

Class  261:  All  subclasses  (searched). 

Most  of  the  above  subclasses  were  searched  through,  each  patent  being  looked 
at  Some  subclasses  were  only  examined,  or  looked  into,  sufficiently  to  decide 
that  they  contained  no  patents  of  interest  In  class  123,  patents  listed  from 
subclass  29,  oil  engines,  pump  supply  to  air  inlet,  two  cycle,  were  not  ordered 
or  included  in  lists  furnished  to  you,  as  they  were  similar  in  the  carburetors 
shown  to  patents  ordered  from  subclass  28,  oil  engines,  pump  supply  to  air 
inlet,  four  cycle,  which  I  understood  from  you  were  not  of  interest  to  you. 

Searching  the  above  subclasses  resulted  in  the  listing  of  some  2,500  patents, 
substantially  all  from  classes  123  and  261.  From  these  lists  patents  contained 
in  the  lists  of  subclasses  ordered  complete  and  their  cross-reference  patents 
were  stricken  off  and  only  those  remaining  were  ordered  and  listed  in  the 
lists  which  I  am  furnishing  you  of  the  searched  subclasses. 

As  I  have  already  explained  to  you,  class  261,  gas  and  liquid  contact  ap- 
paratus, is  a  new  class  which,  although  established  some  time  ago  with  three 
or  four  subclasses,  has  Just  recently  anad  since  the  patents  in  subclasses  or- 
dered for  you  complete  were  obtained,  been  revised  and  expanded  to  include, 
in  126  subclasses,  carburetors  and  other  gas  and  liquid  contact  apparatus 
selected  from  various  classes  in  which  such  apparatus  might  be  found.  The 
official  definition  of  this  class  is : 

"Apparatus  especially  adapted  to  produce  an  intimate  contact  between 
gases  and  liquids  to  exchange  properties  or  mutually  modify  conditions. 

"Note. — ^This  class  includes  devices  generally  known  as  air  and  gas  washers, 
air  moisteners,  carburetors,  carbonators.  Jet  condensers,  coolers,  heaters,  and  the 
like,  operating  by  direct  contact  of  the  two  fluids.*' 
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tie  time  the  new  subclasses  in  this  class  were  established,  a  number  of 
»e8  in  other  classes  were  abolished,  including  the  following  subclasses 
i  48,  which  were  listed  and  ordered  for  you  as  above  explained,  viz,  sub- 

145,  146,  148,  149,  150,  150.1,  150.2,  150.3,  151,  152,  158,  154,  154.1,  155, 
L55.2,  156,  157,  158,  159,  163,  164,  165,  166,  167,  168,  and  169.  Many  of 
:ents  from  these  abolished  subclasses  of  class  48  were  transferred  to  the 
Bstablished  subclasses  of  class  261.  In  searching  the  subclasses  of  class 
large  number  of  the  patents  in  the  subclasses  of  class  48  ordered  com- 
pere found  and  listed,  but  have  been  omitted  from  the  list  furnished  you 
nts  found  in  this  class  to  avoid  duplication,  as  above  explained, 
nk  that  you  have  received  a  fairly  complete  set  of  carburetor  patents  of 
id  in  which  you  were  interested,  but  further  examination  and  search 
undoubtedly  result  in  adding  a  more  or  less  considerable  number  of 
I,  although  the  Patent  Office  system  of  cross-referencing  patents  from 
bclass  to  another  makes  it  quite  possible  that  the  number  of  patents 

may  be  comparatively  small. 

h  patents  in  these  lists  as  were  found  after  examination  to  be 
rtioning  carburetor  cases  have  been  marked  with  an  asterisk 
These  cases  have  been  reclassified  in  accordance  with  the  defi- 
of  the  succeeding  sections  of  this  report,  Part  III,  and  they 
h  material  to  illustrate  the  discussion  of  the  characteristics 
h  of  the  new  classes  and  subclasses,  as  reported  in  Part  IV  of 
jport. 

I  lists  of  cieirburetor  patents  here  reported  include : 
;  No.  1. — Patents  in  the  subclasses  ordered  complete,  arranged 
ling  to  classes  and  subclasses,  and  giving  number,  date,  inven- 
lame,  and  title  of  each  patent  belonging  in  each  of  the  several 
isses,  and  the  numbers  only  of  patents  assigned  as  cross-ref- 

?atents  to  each  subclass, 
fo.  2. — Cross-reference  patents  from  list  No.  1,  with  patents 
^g  in,  or  regularly  assigned  to,  the  subclasses  of  list  No.  1 
id. 

[;  No.  8. — Selected  patents  from  searched  subclasses  arranged 
ling  to  class  and  subclass,  with  patents  which  appear  in  the 
)us  lists  omitted. 

',  No.  4. — Selected  cross-reference  patents  from  the  searched 
sses,  with  patents  which  appear  in  either  of  the  three  previous 
mitted. 

List  of  subclasses  of  the  United  States  Patent  Office  Classifi- 
of  Patents  which  were  ordered  complete  or  searched  for  car- 
>r  patents,  giving  the  official  class  and  subclass  numbers  and 
of  subclasses  ordered  complete,  and  class  numbers  and  titles 
ibclass  numbers  of  subclasses  searched : 

1.  Subclasses  ordered  complete. 

2.  Subclasses  searched  or  examined. 

Lists  of  United  States  patents  obtained  and  examined : 

;  No.  1. — ^Patents  in  the  subclasses  ordered  complete,  arranged 

ling  to  classes  and  subclasses,  and  giving  number,  date,  in- 

r's  name,  and  title  of  each  patent  telonging  in  each  of  the 

1  subclasses,  and  the  numbers  only  of  patents  assigned  as  cross- 

nce  patents  to  each  subclass. 

;  No.  2. — Cross-reference  patents  from  list  No.  1,  with  patents 

jing  in,  or  regularly  assigned  to,  the  subclasses  of  list  No.  1 

sd. 

b  No.  8. — Selected  patents  from  searched  subclasses  arranged 

ling  to  class  and  subclass,  with  patents  which  appear  in  the 

)us  lists  omitted. 
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List  No.  4. — Selected  cross-reference  patents  from  the  searched 
subclasses,  with  patents  which  appear  in  either  of  the  three  previous 
lists  omitted. 

A.  List  of  Subglassibs  of  the  United  States  Patent  Office  Ci^as- 

SIFICATION  OF  PATENTS  WHICH  WERE  ORDERED  COMPLETE  OR  SEARCHED 

FOR  Carburetor  Patents,  giving  the  Official  Class  and  Sub- 
class Numbers  and  Titles  of  Subclasses  ordered  complete,  and 
Class  Numbers  and  Titles  and  Subclass  Numbers  of  Subclasses 

SEARCHED. 

1.  Subclasses  ordered  complete: 

Class  48,  gas,  heating  and  illuminating — 

Subclass  144,  carburetors. 

Subclass  145,  carburetors,  regulating. 

Subclass  14S,  carburetors,  series. 

Subclass  148,  carburetors,  heater. 

Subclass  149,  carburetors,  heater,  air. 

Subclass  150,  carburetors,  oil-feed. 

Subclass  150.1,  carburetors,  oil-feed,  multiple-supply. 

Subclass  150.2,  carburetors,  oil-feed,  multiple-Jet. 

Subclass  150.3,  carburetors,  oil-feed,  multiple-Jet,  progressive. 

Subclass  151,  carburetors,  oil-feed,  float-valves. 

Subclass  152,  carburetors,  oil-feed,  pump. 

Subclass  153,  carburetors,  oil-feed,  rotary. 

Subclass  154,  carburetors,  oU-feed,  spray. 

Subclass  154.1,  carburetors,  oil-feed,  suction-controlled  valve. 

Subclass  155,  carburetors,  atomizers. 

Subclass  155.1,  carburetors,  atomizers,  constant-level. 

Subclass  155.2,  carburetors,  atomizers,  constant-level,  automatic-dUation. 

Subclass  156,  carburetors,  capillary. 

Subclass  157,  carburetors,  capillary,  spiral-passage. 

Subclass  158,  carburetors,  capillary,  vertical-screen. 

Subclass  159,  carburetors,  capillary,  zigzag-passage. 

Subclass  160,  carburetors,  gravity. 

Subclass  163,  carburetors,  osmotic. 

Subclass  164,  carburetors,  pivoted. 

Subclass  165,  carburetors,  pivoted,  revolving. 

Subclass  166,  carburetors,  submerged-blast. 

Subclass  167,  carburetors,  submerged-blast,  coiL 

Subclass  168,  carburetors,  surface. 

Subclass  169,  carburetors,  surface,  float 

Subclass  219,  processes,  carbureting. 
Glass  123,  internal-combustion  engines — 

Subclass  119,  charge-forming  devices. 

Subclass  121,  charge-forming  devices,  combined  oil  and  gas. 

Subclass  131,  charge-forming  devices,  atomizers. 

Subclass  132,  charge-forming  devices,  atomizers,  constant-leveL 

2.  Subclasses  searched  or  examined: 

Class  60,  miscellaneous  heat-engine  plants — 

Subclasses  4,  28,  86,  and  37  (searched). 
Class  67,  illuminating  burners. 

Various  subclasses  examined. 
Class  103,  pumps — 

Subclasses  67,  78,  79,  and  84  (searched). 
Class  115,  marine  propulsion — 

Subclass  13  (searched). 
Class  122,  liquid  heaters  and  vaporizers — 

Subclass  24  (searched). 
Class  123,  internal-combustion  engines — 

Subclasses  3,  4,  7  to  18,  20,  21,  22.  25  to  29,  34  to  59,  62  to  69,  71,  73, 
75,  76,  78,  79,  82,  92,  97  to  106,  108,  110  to  118,  122  to  130,  183  to  142, 
180,  and  191  (all  except  a  few  searched) — 
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2.  Buholaafies  searched  or  ewamined — Oontinmed. 
Glass  126,  stoves  and  furnaces — 

Subclasses  240  and  251  (searched). 
Class  168,  liquid  and  gasoeous  fuel  burnenh— 

Subclasses  86  and  73  (searched). 
Glass  160,  steam  and  vacuum  pumps — 

All  three  subclasses  examined. 
Glass  162,  injectors  and  ejectors — 

All  three  subclasses  examined. 
Glass  280,  air  and  gas  pumps — 

Subclass  18  (searched). 
Glass  286,  dampers,  automatic — 

All  subclasses  examined. 
Glass  257,  heat  exchange — 

Subclass  52  (searched). 
Glass  261,  gas  and  liquid  contact  apparatus — 
All  subclasses  searched. 


B.  Lists  op  United  States  Patents  Obtained  and  Examined. 

LIST  No.  1. 

Patents  in  the  Subclasses  Obdebed  Goicflete,  Abbanoed  Accobding  to 
Glasses  and  Subclasses,  and  Giving  Numbeb,  Date,  Inyentob's  Naice,  and 
Title  or  Each  Patent  Belonging  in  Each  of  the  Seteeal  Subclasses,  and 

THE  NUUBEBS   OnLT   OF  PATENTS   ASSIGNED  AS  GBOBS-REFEBENCE  PATENTS   TO 

Each  Subclass. 

CLASS  ISS,  INTERNAL-COMBUSTION  ENGINES. 

SUBCLASS    110,    CHABGE-FOBMING   DEVICES. 

2M)2,478.    July  22,  1884.    Gaume.    Gas  engine. 

896.925.  Oct.  21,  1884.    Hopkins.    Gas  engine. 
345,596.    July  18,  1886.    Lenoir.    Gas  engine. 

867,937.    Aug.  9,  1887.    Shaw.    Gombined  gas  and  oil  engine. 

407,996.  July  30,  1889.  Debouttevllle  &  Malandin.  Apparatus  for  carbureting 
air. 

430,285.    June  17,  1890.    Ritchey.     Preparation  of  gas  for  gas  engines. 

617,077.    Mar.  27,  1894.    Thayer.    Gas  engine. 

566,263.    Aug.  18,  1896.    Wolf.    Gas  or  petroleum  engine  or  motor. 

632,509.    Sept  5, 1899.    Ayres.    Garbureting  device  for  gas  or  explosive  engines. 

638,655.    Dec.  5,  1899.    Taylor.    Goupling  gas  motors  and  gas  producers. 

644,922.    Mar.  6,  1900.    Johnson  &  GiUooly.    Garbureter. 

657,662.    Sept  11,  1900.    La  Roche.    GontroUing  means  for  explosive  engines. 

663,549.    Dec.  11,  1900.    Mathieu.    Garburetor. 

673,123.    Apr.  30,  1901.    Henderson.    Garburetor. 

♦680,115.    Aug.  6, 1901.    Blomstrom.   Vaporizer  for  internal-combustion  engines. 

♦688,349.  Dec.  10,  1901.  Scott  &  Bonney.  Vaporizing  device  for  explosive  en- 
gines. 

696,909.  Apr.  1,  1902.  McGormick  &  Miller.  Garbureting  device  for  explosive 
engines. 

784,699.    Mar.  14, 1905.    Pederson  &  Anderson.    Feed  valve  for  gasoline  engines. 

789,321.  May  9,  1905.  Gerdes.  Means  for  regulating  the  air  feed  to  gas 
motors. 

♦806,434.    Dec.  6,  1905.    Schebler.    Garburetor  for  hydrocarbon  motors. 

•806,822.    Dec.  12,  1905.    Millard.    Garburetor. 

868,834.    Get.  22,  1907.    Bassford.    Bxplosive  engine. 

881,803.    Mar.  10,  1908.    Jaubert.    Propulsion  of  submarine  boats. 

♦897,259.  Aug.  25,  1908.  Winton  &  Anderson.  Method  of  carbureting  air  for 
explosive  engines. 

924.926.  June  15,  1909.    Parker.    Muffler  for  mixers. 
930,596.    Aug.  10,  1909.    Hanks.    Garburetor  Jacket  or  casing. 
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971,971.    Oct  4,  1910.    Gassedy  &  Purseh    Charge-forming  device  for  internal- 
combustion  engines. 
973,118.    Oct.  18,  1910.    Stockton,    Gas  engine. 
1,006,809.    Oct  24,  1911.    Ulrich  &  Rahr.    Carburetor  for  internal-combustion 


engines. 
1,018,447.  Feb. 
1,021.079. 
1,022,027. 
1,037,953. 
1,051,690. 
1,075,051. 


27,  1912. 
Mar.  26,  1912. 
Apr.   2,    1912. 
Sept  10,  1912. 
Jan.  28,  1913. 
Sept.  9,  1913. 
engines. 
1,096,901.     May  19, 1914. 
May  26,  1914. 
July  28,  1914. 
Aug.  4,  1914. 


Schenck.    Valve  mechanism. 
Stewart    Mixing  attachment  for  carburetors. 
Hyde  &  Gage.    Hydrocarbon   engine. 
Michener.    Internal-combustion  engine. 
Colwell.    Internal-combustion  engine. 
Kendall.    Controlling  device  for  internal-combustion 


1,098,164. 
1,105,592. 
•1,105,687. 
♦1.112,257. 


Freschal  &  Freschal.    Motor  fuel-supplying  apparatus. 
Mooney.    Auxiliary  gas  generator  for  engines. 
Bassford.    Explosive  engine. 
Ottawa.    Carburetor. 
Sept.  29,  1914.    Brush.    Mixture-supplying  apparatus  for  internal- 
combustion  engines. 
1,121,137.    Dec  15,  1914.    Schoonmaker.    Internal-combustion  engine. 
1,123,114.    Dec.    29,    1914.    Dlehl.    Means    for    moistening    the    air    used    in 

explosion  engines. 
1,128,830.    Feb.    16,     1915.    Wharton.    Economizer    for    internal-combustion 

engines. 
1438,581.    May    4,    1915.    Shumaker.    Charge-forming    device    for    internal- 
combustion  engines. 
1,150,562.    Aug.  17,  1915.    Vose.    Electrically-controlled  vaporizer  for  internal- 
combustion  engines. 
1,152,080.    Aug.  31,  1915.    Denney  &  Osborn.    Air-supplying  attachment  for 
carburetors. 


0,788.  Feb.  8,  1916. 

Walch. 

Mixing  device. 

Cross  reference  patents,  class  12S,  subclass  119. 

240,994 

497,046 

602,820 

673,138 

855,191 

965,632 

1.120,828 

275,238 

505,767 

623,190 

692,071 

857,980 

1,013,955 

1,158,179 

286,030 

552,312 

623,361 

745,055 

868,281 

1,030,388 

370,258 

563.548 

627.359 

747,190 

883.240 

1,038,300 

376,638 

564,155 

632,888 

775,859 

895,222 

1,054.205 

385,121 

564,769 

633,014 

790,325 

913,121 

1.066.391 

421,474 

592,794 

657,140 

806,125 

926,756 

1,099,445 

450,091 

598,034 

660,482 

812,860 

946,737 

1,109,192 

SUBCLASS  121,  CHABGE  FOBMINO  DEVICES,  COMBINED  OIL  AKD  GAS. 

♦574,183.    Dec.  29,  1896.    Underwood.    Mixer  for  gas  engines. 
♦658,594.    Sept.  25,  1900.    Shartle  &  Miller.    Gas  engine. 
♦679.053.    July  23,  1901.    Johnston.    Vaporizer  for  explosive  engines. 
♦792.894.    June  20,  1905.    Grecu.    Oil  or  gasoline  attachment  for  gas  engines. 
074,255.    Nov.  1,  1910.    Galusha.    Power  plant. 

1.112,188.     Sept.  29,  1914.     Atwood.     Compound  induction  valve  for  internal- 
combustion  engines. 


Cross-reference  patents,  class  12S,  subclass  121, 


550,675 
403,367 


555,373 
.•555,717 


585.115 
687,627 


618,757 
632,859 


645,044 
679,380 


753,510 
909,558 


1,021,079 


SUBCLASS  181,  CHABGE  FOBM  DEVICES,  ATOMIZEBS.* 


♦695,060.    Mar.  11,  1902.    Krastin.    Vaporizer  for  hydrocarbon  engines. 
855,191.    May  28,  1907.    Low.    Hydrocarbon  motor. 
♦856,638.    June  11,  1907.    Hlgglns,  Jr.,    Carburetor. 
857,566.    June  18,  1907.    Franchettl.    Atomizing  spray  nozsle. 
♦858,586.    July  2,  1907.    Diuryea.    Means  for  supplying  eacploslve  vapors  for  op- 
erating rock  drills. 
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888,961.    Apr.  7, 1906.    Shanck.    Qas  generator  for  explosive  engines. 
886,518.    May  5, 1908.    Johnstoa    Fuel  spray  for  internal-combustion  motors. 
924,044.    June  8,  1909.    Dnrr.    Apparatus  for  Injecting  fuel  into  internal-com- 
bustion motors. 
960,057.    May  81,  1910.    TumbuU,  Jr.    Means  for  feeding  fluid  fuel. 
*1,008,019.    Sept.  12,  1911.    Webb.    Gas  engine. 
1,027,054.    May  21,  1912.    Leflaive.    Atomizer  for  fluid-fuel  motors. 
1,028,718.     June  4,  1912.     Orineweski.     Carbureter  for  internal-combustion 

motors. 
1,069,341.    Aug.  5, 1918.    Lemp.    Pulverizer  for  oil  engines. 

Apr.  21,  1914.    Kiser.    Fuel  atomizer. 

Oct  6,  1914.    Wigelius.    Fuel  Injector. 

Oct  6,  1914.    Wigelius.    Fuel  injector. 

Nov.  17,  1914.    Hesselman.    Vaporizer  for  intemal-combustion  en- 


1,094,075. 
1,112,877. 
1,112,87a 
1,117,845. 
gines. 
1,122,770. 
1,180,229. 
1,135,418. 
1,142,623. 
1,149,322. 


Dec.  29, 1914.    Lake.    Fuel  injector  for  intemal-combustion  engines. 

Mar.  2,  1915.    Wigelius.    Fuel  sprayer, 

Apr.  13,  1915.    Wigelius.    Gas  motors. 

June  8,  1915.    Regenbogen.    Fuel  injector. 

Aug.  10,  1915.    Baker.    Method  of  and  apparatus  for  feeding  liquid 
fuel  to  internal-corabustion  engines. 
1,155,266.    Sept  28,  1915.    Pasel.    Fuel-injecting  device. 
1,157,273.    Oct  19,  1915.    Windeler.    Fuel  Injector. 
1,157,305.    Oct  19, 1915.    Frost    Pulverizer  for  oU  engines. 
1,157,315.    Oct  19,  1915.    Lemp.    Fuel  injector. 
1,163,059.    Dec.  7,  1915.    Bell.    Carbureting  device. 
1,164,064.    Dec.  14,  1915.    Brown.    Fuel  injector. 

1,171,787.    Feb.  15, 1916.    Harris.    Atomizer  for  intemal-combustion  engines. 
1,184,779.    May  30,  1916.    Shaw.    Aerating  fuel  pump  for  explosive  motors. 
1,182,120.    May  9, 1916.    \Serhey.    Internal-combustion  engine. 
1,189,838.    July  4,  1916.    Askew.    Intemal-combustion  engine. 


Crosa-reference  patents,  cUus  123,  auhcUuM  131, 


153,952 
225,778 
228,547 
238,757 
302,045 
309,835 
3504200 
350,769 


600,477 
504,723 
507,989 
542,410 
552,718 
662,307 
674,614 
582,073 
583,982 


609,831 
612,258 
617,530 
637,299 
650.911 
690.486 
703,769 
706,494 
730,084 


745,573 

765,880 
800,996 
807,835 
816,549 
863,516 
867,605 
872,419 
873,392 


876,287 
904,455 
904,508 
904,855 
908,112 
918,607 


930,483 
943,684 
948,977 
966,581 
982,825 
989,026 


922.145  1,021.079 
922.383  1,060.053 
924.926   1,083,111 


1,096,585 
1.099,995 
1,101,271 
1,121,137 
1,142.440 
1,143.258 
1,150,562 
lj.61,095 


ST7BCLA8S  132,  CHABGE  FOBMIKG  DEVICES,  ATOUIZEBS,  CONSTANT  LEVEL. 

*  696,662.  Dec.  14,  1897,    Banki  &  Csonka.    Gasoline  motor. 

*  623,668.  Apr.  25,  1899.    Secor.    Explosive  engine. 

*  633,274.  Sept.  19,  1899.    Rlotte.    Vaporizer  for  gas  engines. 

*  657,739.  Sept.  11,  1900.    Kiltz.    Vaporizer  for  petroleum  engines. 

*  658,267.  Sept  18,  1900.    Kennedy.    Gasoline  engine  fuel^oil  feeder. 

*  671,743.  Apr.  9,  1901.    White.    Mixing  and  vaporizing  device  for  explosive 


engines. 
678,077.    July  9, 


gines. 

♦  681,382. 

♦  711,902. 
766,880. 


1901.    Webb.    Fuel-supply  controller  for  hydrocarbon  en- 


Aug.  27,  1901.    Westman.    Feed  cup  for  explosive  engines. 
Oct.  21,  1902.    Lep^.    Carburetor  for  explosive  engines. 
July  26,  1904.    Chamberlin.    Means  for  feeding  the  induction  ports 
or  fuel  inlets  of  Intemal-combustion  engines. 

*  790,379.    May  23,  1905.    Mingst    Carburetor  for  hydrocarbon  engines. 

*  801,639.    Oct  10, 1905.    Moreland.    Carburetting  apparatus  and  feed  therefor 

for  intemal-combustipn  engines. 

*  806,979.    Nov.  28,  1906.    Menges.    Carburetor. 
♦817,941.    Apr.  17.  1906.    Stute.      Carburetor. 

842,261.    Jan.  29,  1907.    Smith.    Means  for  controlling  the  supply  of  vapor 
to  intemal-combustion  engines. 
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*  887,870.  May  12,  1908. 

*  896,659.  Aug.  18,  1908. 
♦898,920.  Sept  15,  1908. 

903,470.  Nov.  10,  1908. 

*  906,980.    Dec.  16,  1908. 
938,888.    Sept  14,  1909. 

engines. 
1,047,596.    Dec.  17,  1912. 
1,072,402.     Sept  2,  1913. 
♦1,106,802. 
1,166,660. 


Wlnton  &  Aaderaon*    Carburetor. 
Longuemare.    Air-inlet  regulator  for  carburetors. 
Pierson.    Carburetor. 
Kemp.    Safety  carbureting  plant 
Winton  &  Anderson.    Carburetor. 
Charter.    Float-controlled  oil-supply  device  for  gas 

Twigg.    Speed-regulating  carburetor. 

Peregrine.    Gas  generator  for  explosive  engines. 
Aug.  11,  1914.    Goldberg.    Carburetor. 
Jan«  4,  1916.    Tice.    Carburetor. 


477,296 
542,043 
549,939 
564,699 
567,496 
606.815 
622,891 
627,867 


Crasa-reference  patents,  eUua  12S,  aubclaaa  1S2, 


664,200 
677,283 
686,092 
686,101 
690,610 
696,146 
733.625 
740,671 


747,264 
771,492 
791,501 
796,712 
806,434 
806,460 
810.435 
822,172 


823,742 
832,183 
882,632 
839,707 

o44,«7UU 

846,471 
849,538 
851,759 


865,582 
866,522 
872,336 
886,527 
897,259 
907.953 
920,231 
928,939 


931,389 

948,612 
952,326 
968,897 
961,162 
976,796 
1,026,814 
1,063,866 


1,117,641 
1,117,642 


CLASS  48,  GAS,  HEATING  AND  ILLUMINATION. 


ST7BCLASS  144,  CABBX7BETOB6. 


49.526.  Aug.  22, 1865. 
65,949.  June  26,  1866. 
80.918.  Aug.  11,  1868. 
94,360.  Aug.  31,  1869. 
103,836.  June  7,  1870. 
105.561.  July  19,  1870. 

railroads,  etc. 
107.263.  Sept  13,  1870. 
115,798.  June  6,  1871. 

gas  and  air. 
130,004.  July  30,  1872. 
134.240.  Dec.  24,  1872. 
137.307.  Apr.  1,  1873. 
161,896.  June  9,  1874. 

air  and  gas. 
163,872.  Aug.  4,  1874. 
169.668.  Nov.  9,  1875. 

way  cars. 
181,544.  Aug.  29,  1876. 
257,247.  May  2,  1882. 
268,878.  Dec.  12,  1882. 


Irwin. 


Improved  apparatus  for  carbureting  air. 

Improved  apparatus  for  carbureting  air. 
Improved  carburetor. 

Carburetor. 
Improvement  in  pneumatic  gas  machines. 

Improvement  in  gas  apparatus  for 


Coons. 
Tirrfll 
Boyle. 
Foster  &  Ganster. 


Hyde.    Improvement  in  blowpipes. 
Whitney.    Improvement  in  apparatus  for  carbureting 

Averell.    Improvement  in  carburetors. 

Averell.    Improvement  in  carburetors. 
Kromschroeder.    Improvement  in  carburetors. 
McFaddln.    Improvement  in  apparatus  for  carbureting 

Wheeler.    Improvement  in  carbureting  apparatus. 
Randolph.    Improvement  in  apparatus  for  lighting  rail- 


Tlrrill.    Improvement  in  carburetors. 
Shaler.    Carburetor. 
Tessie  du  Motay  &  Ster.    Process  and  apparatus  for 
distributing  liquid  fuel  in  cities. 
842,445.    May  25,  1886.    Lawrence.    Carburetors. 

July  12,  1892.    Bailey.    Fuel-gas  apparatus. 

Mar.  28,  1893.    Ruthven.    Carbureting  apparatus. 

Oct.  23, 1894.    Heckert  &  Rowiand.    Process  and  apparatus  for  making 


478,549. 
494.442. 
627,789. 
gas. 
660,388. 
650,367. 


May  19,  1896. 

May  29,  1900. 
transporting  liquids. 
687,756.    Dec.  3,  1901.    Kemp. 
693,273.     Feb.  11,  1902.     ~ 
716.452.     Dec.  23,  1902. 
760,296.     May  17,  1904. 
818,397.    Apr.  17,  1906. 
895.717.    Aug.  11,  1908. 
908,402.    Dec.  29,  1908. 
923,377.    June  1,  1909. 
933,064.     Sept  7,  1909. 
940,916.    Nov.  23,  1909. 


Barker.    Apparatus  for  carbureting  air. 
Bouchaud-Praceiq.    Apparatus  for  carbureting  air  and 


Carburetor. 

Jervis.    Carburetor. 

Mainwaring.    Carburetor. 
Anderson  &  Erickson.    Gasoline  gas-making  machine. 

Tresenreuter.    Carburetor. 

Boltenstern.    Gas  machine. 

Fox.    High-pressure  lighting  and  heating  apparatus. 

Schmidt    Carburetor. 

Dennle.    Carbureted-air  apparatus. 

Alldredge.    Supply  tank  and  carburetor  for  gas  plants. 


Digitized  by 


Google 


AEBONATTTICB.  79 

*1,006,165.    Nov.  7,  1911.    Iber.    Attachment  for  Internal-combustion  oigines. 

1,Q28»887.  Apr.  16,  1012.    Rogers.    Attachment  for  carburetors. 

1,076.401.  Oct.  21,  1913.    Armstrong.    Gas  generator. 

*1,098,788.    June  2,  1914.    Daimler.    Carburetor. 

♦1,105,003.    July  28,  1914.    Secor.    Carburetor. 

♦1,128,876.    Jan.  6,  1915.    Hlddleson.    Carburetor. 

1,152,298.  Ag.  31,  1915.    Cornelius.    Charge-forming  device. 

1,161,243.  Nov.  23,  1915.    Oliver.    Gravity  valve. 

♦1,179,664.    Apr.  18, 1916.    Shakespeare  &  Schmidt    Carburetors. 

9,037  Ke.  Jan.  6, 1880.    Bandolph.    Apparatus  for  lighting  railway  cars. 

Cro9S'referenc€  patents,  class  48,  subclass  m, 

156,172    284,373        554,207       951,590    1,024,501    1,082.865    1,111,620 
168,910     489,762        932,478       995,882    1.043,691 

SUBCLASS  146,  CAEBTntCTOBS,  BBQULATINO. 

24,199.    May  31,  1859.    Covel.    Carburetors. 

27,190.    Feb.  14,  1860.    Laubach.    Vapor  burner. 

34,557.    Mar.  4,  1862.    Bassett.    Carburetor. 

38,357.    Apr.  28,  1863.    Gwynn.    Carburetor. 

42,469.  Apr.  26,  1864.  Griffin.  Improved  apparatus  for  vaporizing  hydro* 
carbon  liquids  for  illuminating. 

64,776.    May  14,  1867.    Laubach.    Improved  apparatus  for  carbureting  gas. 

65,705.  June  11,  1867.  Stevens.  Improved  apparatus  for  treating  air  and 
hydrocarbon  vapor  for  illuminating  gas. 

66,067.  June  25,  1867.  Bassett  Apparatus  for  carbureting  and  regulating 
the  flow  of  gas. 

66,545.  July  9,  1867.  Wood.  Apparatus  for  carbureting  air  and  regulating 
its  flow. 

67,216.    July  30,  1867.    Ransom.    Carbureting  apparatus. 

67,576.    Aug.  6,  1867.    Pease.    Improved  apparatus  for  carbureting  air. 

67,840.    Aug.  20,  1867.    Beacher.    Improved  valve  for  gas  generators. 

71,514.    Nov.  26,  1867.    MacDougall.    Portable  gas  apparatus  and  carburetor. 

72,825.    Dec.  31,  1867.    Barseman  &  Gray.    Carbureting  coal  gas. 

83,147.    Oct  20,  1868.    Frank.    Improved  machine  for  carbureting  air. 

103,994.    June  7,  1870.    Dalley.    Carburetor. 

104,042.    . 

115,182.  May  23,  1871.  Edmonds.  Improvement  in  apparatus  for  carbur- 
eting. 

125,194.    Apr.  2,  1872.    Holton.    Improvement  in  tarburetors. 

141,886.    Aug.  19,  1873.    Olney.    Gas  apparatus  for  railway  cars. 

349,111.    Mar.  1,  1874.    Fish.    Apparatus  for  carbureting  gas  and  air. 

150,827.    May  12,  1874.    Cayce.    Improvement  in  carburetors. 

153.538.  July  28,  1874.    Cohen.    Carbureting  gas  machine. 

104,825.  June  22,  1875.    Fish.    Apparatus  for  carbureting  and  purifying  gas 

and  air. 

170,097.  Nov.  16,  1875.    McKissock.    Improvement  in  carburetors. 

170,788.  Dec.  7,  1875.    Vaaquez.    Improvement  in  gas-generating  apparatus. 

204,974.  June  18,  1878.    Hyams.    Apparatus  for  carbureting  air. 

224,576.  Feb.  17,  1880.    Boeklen.    Illumination  of  railroad  cars. 

226,122.  Mar.  30,  1880.    Smyers.    Carbureting  apparatus. 

238,818.  Mar.  15,  1881.    Walmsley.    Carburetor. 

811,858.  Feb.  3,  1885.    Strong.    Gas  machine. 

353,499.  Nov.  30,  1886.    Plass.    Apparatus  for  lighting  and  heating  railway 

cars,  etc. 

385,485.  July  3,  1888.    Stubbers.    Carburetor. 

554,630.  Feb.  11,  1896.    Vestal  &  Ray.    Gas  generator. 

563,799.  July  14,  1896.    Porter.    Carburetor. 

596,658.  Jan.  4,  1898.    Fell.    Apparatus  for  producing  uniform  mixtures  of  air 

and  Inflammable  vapor. 

622,489.  Apr.  4,  1899.    Kelly.    Carburetor. 

623,321.  Apr.  18,  1899.    Lara.    Carburetor. 

639,966.  Dec.  26,  1899.     Doze.    Carburetor. 

673,542.  May  7,  1901.    Johnson.    Apparatus  for  making  gas. 

759.539.  May  10,  1904.    Merrege.    Carburetor. 
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763,965.    July  5,  1904.    Colbath.    Carburetor. 
767,485.    Aug.  16,  1904.    Merrege.    Carburetor. 
768,732.    Aug.  30,  1904.    Bruce.    Carburetor. 
793,776.    July  4,  1905.    Fallin.    Carburetor. 
828,284.    Aug.  7,  1906.    Glasscoe.    Carburetor. 
841,779.    Jan.  22,  1907.    Hlnman  &  Wellman.    Gas  apparatus. 
842,846.    Jan.  29,  1907.    Carburetor  air  apparatus. 
843,554.    Feb.  5,  1907.     Schrader.    Carburetor. 
848,963.    Apr.  2,  1907.    Busenbenz.    Gas-manufacturing  apparatus. 
852,685.    May  7,  1907.     Speer.    Carbureting  apparatus. 
854,604.    May  21,  1907.    Reichenbach.    Carburetor. 
860,334.    July  16,  1907.     Schell.    Carburetor. 
883,171.    Mar.  31,  1908,    Colbath.    Carburetor. 
941,393.    Nov.  30,  1909.    Warmsley.    Carburetor. 
944,482.     Dec.  28,  1909.     Elliott.     Carburetor. 
947,639.    Jan.  25,  1910.    Hill  &  Westwood.    Carburetor. 

947,717.    Jan.   25,   1910.    Mievllle.    Apparatus   for   the  production   of  carbu- 
reted air. 
949,140.    Feb.  15,  1910.    Becker.    Automatic  carbureting  machine. 
953,606.    Mar.  29,  1910.     Grandjean.    Carbureting  apparatus. 
959,350.    May  24, 1910.    Johnson.    Carbureting  apparatus. 
959,745.    May  31,  1910.    Hulse.    Regulator  for  gas-lighting  systems. 
976,781.    Nov.  22,  1910.    Busch.    Apparatus  for  producing  carbureted  air. 
1,022,451.    Apr.  9,  1912.    Whitacre.    Carburetor. 
1,024,501  ( ? ) .    Apr.  80,  1912.    Dixon.    Lighting  apparatus. 
1,064,273.    June  10,  1913.    Wortman.    Carbureting  apparatus. 
1,080,471.    Dec.  2, 1913.    Olsen.    Air-gas  apparatus. 
1,082,070.    Dec.  23,  1913.    Cox.    Air-gas  apparatus. 
1,089,471.    Mar.  10,  1914.    Hunt  &  Peloubet.    Carbuetor. 
1,109,085.    Sept  1,  1914.    Schmidt    Carbureting  apparatus. 
1,116,325.    Nov.  3,  1914.    Ponarouse.    Carburetor. 
Re.  2357.    Sept  18,  1866.    Bassett 
Be.  5465.    . 


Cross-reference  patents,  class  48,  subclass  H5, 

35,144  57,940  97,748  440,486  672,507           951,590          1,027,456 

43,264  59,991  102,784  500,772  688,408           962,860           1,050,322 

49,934  68,666  103,036  531,780  725,148           975,038           1,070,394 

50,076  81,232  151,392  596,321  760,296           976,885           1,108,081 

50,987.  82,244  221,680  607,888  813,796           979,761 

52,876  82,786  224,592  607,889  839,540           982,490 

53,504  84,332  262,991  618,108  855,094    •    1,017,572 

57,164  84,941  395,616  658,020  950,825  1,027,340 

SUBCLASS   146,  CABBUBETOBS,   SEBIES. 

47,258.    Apr.  11,  1865.    Simmons  &  Irwin,    Improved  apparatus  for  carbureting 

air. 
54,132.    Apr.  24,  1866.    Drake.    Improvement  In  apparatus  for  carbureting  air. 
82,359.     Sept.  22,  1868.     Slatter.    Improved  carburetor. 
92,317.    July  6,  1869.    Kelley.    Improved  gas  generator. 

112,111.    Feb.  28,  1871.    Bell.    Improvement  In  apparatus  for  carbureting  air. 
113,317.    Apr.  4,  1871.    Lutewltte.    Improvement  In  apparatus  for  carbureting 

air  and  gas. 
120,590.    Nov.  7,  1871.    Lowden.    Improvement  In  portable  gas  apparatus. 
193,407.    July  24, 1877.    Hill.    Apparatus  for  manufacturing  illuminating  gas, 
211,194.    Jan,  7,  1879.    Tackeberry.    Apparatus  for  carbureting  air. 
221,942.    Nov.  25,  1879.    Savage.    Improvement  in  vapor-gas  apparatus. 
307,13i2.    Oct.  28,  1884.    Mayer.    Apparatus  for  manufacturing  gas. 
324.177.    Aug.  11,  1885.    Singer.    Carburetor. 
856,477.    Jan,  25,  1887.    Johnston.    Process  and  apparatus  for  manufacturing 

heating  gas. 
370,936.    Oct.  4,  1887.    Drake.    Carbureting  apparatus. 
405,747.    June  25,  1889.    Snyder  &  Stephenson.    Apparatus  for  carbureting  air 

or  gas, 
457,803.    Aug.  18,  1891.    Yanorman.    Carburetor. 


Digitized  by 


Google 


ABEONAITTICS.  81 

L.    Oct  18,  18d2.    Parrlfl.    Carbureting  apparatus. 

I    July  18,  1888.    Fontaine.    Apparatus  for  carbureting  air. 

I.    Apr.  24,  1894.    Bidelman,    Apparatus  for  the  manufacture  of  gas. 

J.    July  81,  1900.    Steele.    Carburetor. 

J.    Oct  9,  1900.    Hodder.    Carburetor. 

i.    Apr.  80,  1901.    Hopkins.    Carburetor. 

I,    May  81,  1901.    McCormlck.    Carburetor. 

L.    Jan.  7, 1902.    Van  Der  Made.    Apparatus  for  carbureting  air. 

5.    Feb.  4,  1902.    Doolan.    Carburetor. 

r.    June  17,  1902.    Deringer.    Carburetor. 

r.    Aug.  28,  1902.    BetzeL    Carburetor. 

r.    Nov.  18,  1902.    Steele.    Gas-making  apparatus. 

r.    Dec.  16,  1902.    Harvey.    Carburetor. 

L.    July  28,  1903.    Avery  &  Smith.    Apparatus  for  carbureting  air. 

S.    Nov.  8, 1904.    Marshall.    Apparatus  for  carbureting  air. 

).    Nov.  27,  1906.    Wright    Carburetor. 

5.    Feb,  17,  1907.    Colbath.    Carburetor. 

33.    Jan.  9,  1912.    Ducker.    Carburetor. 

98.    Oct.  14,  1913.    Myers.    Carburetor  for  household  and  other  uses. 

10.    Feb.  8,  1916.    Carpenter.    Gas  scrubber.  ' 

83.    Feb.  8,  1916.    Duckham.    Vertical  retort 

538.    Mar.  28,  1916.    Roberts.    Carburetor. 

)24.    Apr.  19,  1870.    Kelly.    Gas  generator. 

190.    May  7,  1872.    Bell.    Improvement  in  apparatus  for  carbureting  air. 

9430.    July  10,  1894.    Yanorman.    Carburetor. 

Cross-reference  patents,  class  -}8,  subclass  H6. 

>  356,476         483,489  576499  780,355       '942,863  962,860 

Subclass  H3,  carburetors,  heater. 

Oct  8,  1865.    Irwin.    Improved  apparatus  for  carbureting  air. 

June  5,  1866.    Tlrrlll.    Improved  gas  apparatus. 

Mar.  26,  1867.    Clarke.    Improved  apparatus  for  carbureting  air,  etc. 

Apr.  2,  1867.    Hall.    Improved  apparatus  for  carbureting  gas  and  air. 

July  16,  1867.    Barker  &  Gilbert    Improved  apparatus  for  carbureting 
r  and  gas. 

Aug.  8,  1869.    Barker  &  Gilbert    Improved  apparatus  for  carbureting 
r. 

Aug.  8,  1869.    Barker  &  Gilbert.    Improved  apparatus  for  carbureting 
r. 

Sept  21, 1869.    Spang  &  Scheaf.    Improved  gas  machine. 
J.    Aug.  15,  1871.    Edgerton.    Improvement  In  methods  and  apparatus 
r  separating  certain  hydrocarbon  vapors  from  illuminating  gases. 
L.    May  21,  1872..  Dayton.    Improvement  In  apparatus  for  carbureting 

L.    Mar.  14,  1876.    Porter  &  Grimes.    Improvement  in  carburetors. 

r.    Apr.  11,  1876.    Deeds.    Improvement  in  air-gas  machines. 

>.    May  2, 1876.    Haymaker.    Improvement  In  carbureting  gas  apparatus. 

).    Feb.  26,  1876.    Porter  &  Grimes.    Carburetors. 

3.    Aug.  1,  1876.    Randall  &  Boomer.    Improvement  in  apparatus  for  au- 

matically  regulating  the  temperature  of  carburetors. 

19.    Nov.  7,  1876.    Ofeldt    Improvement  In  automatic  heat  regulators 

r  gas  machines. 

)8.    Jan.  14,  1879.    Pierce.    Improvement  In  thermostats  for  carburetors. 

30.    Nov.  18,  1879.    Jones.    Improvement  In  alr-carburetlng  apparatus 

r  railroad  cars. 

22.    Nov.  20,  1883.    Copeland.    Carburetor. 

^    Apr.  5,  1887.    Langdon.    Apparatus  for  making  gas. 

)9.    Oct  1,  1889.    Hamlin.    Gas  enrlcher. 

22.    Feb.  25,  1890.    Strouse.    Carburetor. 

yt.    May  6,  1890.    Shannon.    Carburetor. 

72.    July  4,  1893.    Marcus.    Carbureting  apparatus. 

18.    July  3,  1894.    lies.    Carburetor. 

13.    Aug.  25,  1896.    Schrader.    Carburetor. 
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613,167.    October  25,  189a    Martenette.    Carburetor. 
*638,529.    Dec.  5,  1899.    Vanduzen.    Vaporizer  for  explosive  engines. 

643,306.    Feb.  13,  1900.    Rey.    Carburetor. 

658,020.    Sept  18,  1900.    Rey.    Carburetor. 

661,660.    Nov.  13,  1900.    Griebel.    Carburetor. 
♦665,496.    Jan.  8,  1901.    Worth.    Carburetor. 

♦694,110.    Feb.  25,  1902.    Sanson.    Carburetor  for  explosive  engines. 
♦696,231.    Mar.  25,  1902.    Fillet    Carbureting  device  for  explosion  engines. 
♦705,021.    July  22,  1902.    Bennett  &  Moorwood.    Carburetor. 

720,336.    Feb.  10,  1903.    Ede.    Vaporizer  for  gasoline  engines. 
♦733,625.    July  14,  1903.    Clement.    Carburetor  for  motor  bicycles. 
♦746,119.    Dec.  8,  1908.    Longuemare  et  al.    Carburetor  for  explosive  motors. 

749,768.    Jan.  19,  1904.    Wilson.    Apparatus  for  producing  carbureted  air. 
♦762,707.    June  14,  1904.    Grove.    Carburetor  for  internal-combustion  engines. 

772,673.    Oct  18,  1904.    Roebuclt  &  McMillan.    Carburetor. 
♦778,988.    Jan.  3,  1905.    Merrltt    Carburetor. 
♦781,936.    Feb.  7,  1905.    Cook.    Carburetor  for  hydrocarbon  engines. 

784,599.    Mar.  14,  1905.    Studabalcer.    Carburetor. 
♦799,232.    Sept  12,  1905.    Goss^.    Carburetor. 

♦800,777.    Oct.  3,  1905.    Westmacott    Carburetor  and  vaporizer  for  explosion 
engines. 

842,170.    Jan.  29,  1907.    Bryant  &  Watllng.    Carburetor. 

846,680.    Mar.  12,  1907.    Mason  &  Sinclair.    Gas  machine. 

857,064.    June  18,  1907.    Holgate.    Carbureting  lamp. 

894,389.    July  28,  1908.    Louis.    Carburetor  for  explosion  engines. 

904,203.    Nov.  17,  1908.    Hertzberg  &  Low.    Fuel  heater  for  explosive  engines. 

906,548.    Dec.  15,  1908.    McCarthy.    Carburetor. 

909,896.    Jan.  19,  1909.    Hertzberg  &  Low.    Electric  vaporizer  for  internal- 
combustion  engines. 

920,721.    May  4,  1909.    Bradley.    Grass  burner  for  railway  trades. 
♦954,905.    Apr.  12,  1910.    Wolf.    Carburetor. 

957,786.    May  10,  1910.    Low,  Wohl  &  Hertzberg.    Vaporizing  device. 

962,860.    June  28,  1910.     Sanders.    Carburetor. 
♦964,657.    July  19,  1910.    Lamb.    Vaporizer  for  hydrocarbon  engines. 

990,249.    Apr.  25,  1911.    Garcia  &  Hertzberg.    Starting  vaporizer  for  explo- 
sive engines. 

1,011,641.    Dec.  12,  1911.    Paterson.    Carburetor. 
♦1,013,983.    Jan.  9,  1912.    Biom.    Carburetor. 

♦1,014,945.    Jan.  16,  1912.    Brockhurst.    Means  for  feeding  and  mixing  fluids. 
♦1,043,342.    Nov.  5,  1912.    Musgrave.    Carburetors  for  gas  engines. 
♦1.061,626.    May  13,  1913.    Mowbray.    Carburetor. 
•1,065,640.    June  24,  1913.    Thompson.    Fuel-vaporizing  device. 
♦1,065,948.    July  1,  1913.    Lion.    Carburetor. 
♦1,072,875.    Sept.  9,  1913.    Sammons.    Carburetor  mechanism. 
1,091,784.    Mar.  '31,  1914.    Weber.    Carburetor. 
1,095.555.    May  5,  1914.    Crone.    Mixing  unit  for  fluids. 
*1,099,086.    June  2,  1914.    Hamilton.    Carburetor. 
1,102,309.    July  7,  1914.    Whiting.    Heater  for  gaseous  fuel. 
1,102,478.    July  7,  1914.    Crowder.    Gaseous-fuel  heater. 
1,107.489.    Aug.  18,  1914.    Bunn  &  Robinson.    Carburetor. 
1.107,967.    Aug.  18,  1914.    Knaak.    Heater  for  internal-combustion  engines. 
1,109,025.    Sept  1,  1914.    Taylor.    Fuel  heater. 
1,114,200.    Oct  20,  1914.    Stewart    Throttle  for  carburetors. 
1,117,414.    Nov.  17,  1914.    Manning.    Fuel  heater. 
♦1,118,126.    Nov.  24,  1914.    Harroun.    Carburetor. 
1,120.352.    Dec.  8,  1914.    Wolf.    Carburetor. 
*1,122.703.    Dec.  29,  1914.    Dull.    Carburetor. 
1,128,998.    Feb.  16.  1915.    Mulvaney.    Heater  for  gaseous  fueL 
1,129,794.    Feb.  23,  1915.    Cummlngs.    Carburetor. 
♦1,130,502.    Mar.  2,  1915.    Francisco.    Carburetor. 
♦l,ias,452.    Mar.  30,  1915.    Babbitt  &  Beaumont.    Carburetor. 
*1,133,527.    Mar.  30,  1915.    Bennett    Carburetor. 
1,134,366.    Apr.  6,  1915.    Barnes.    Carburetor. 
1,136,675.    Apr.  20,  1915.    Hutchinson.    Carburetor. 
1,137,219.    Apr.  27, 1915.    Leake.    Heater  and  attachment  for  motors. 
1,140,064.    May  18,  1915.    Rakestrnw.    Carburetor. 
14.41,570.    June  1,  1915.    McCornack.    Carburetor. 
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1,142,824. 

1,148,247. 

3,150,115. 

1,150,619. 

1,165,726. 

1.156,836. 

1,158,494. 

•1,159,988. 

1,160,585. 

•1,166,173. 

•1,167,457. 

•1,169,340. 

1,169,573. 

•1,172,307. 

1,173,469. 

•l,176,8ia 

« 1,177,940. 

•1,178,530. 

•1482,714. 

1,189,797. 


June  15, 1915.    Lnnd.    Carburetor  attacbment 
July  27,  1915.    Moore.    Carburetor. 
Aug.  17,  1915.    Helnze.    Carburetor. 
Aug.  17,  1915.    PercWal  &  Patterson. 
Oct  5,  1915.    Harroun.    Carburetor. 
Oct  12,  1915.    Diener. 
Nov.  2,  1915.    Harroun. 
Nov.  9,  1915.    Grove. 
Eidlson. 
Biays. 


Keroeene  carburetor. 


Carburetor. 
Carburetor. 
Carburetor. 
Nov.  16,  1915.    Edison.    Fuel-supplying  means. 
Dec.  28,  1915.    Biays.    Carburetor. 
Jan.  11,  1916.    Wlckersham.    Carburetor. 
Jan.  25,  1916.    Meara.    Carburetor. 
Jan.  25,  1916.    Schultz.    Vaporizer. 
Feb.  22,  1916.    Schulz.    Carburetor. 
Feb.  29,  1916.    White.    Carburetor. 

Hampton  de  Fontaine. 
Ford.    Carburetor. 
Lytle,  Klawiter,  Krltch, 
Schmidt    Carburetor. 
Depp6.    Heater  and  mixer  for  internal-combustion 


Mar.  28, 1916. 
Apr.  4,  19ia 
Apr.  11,  1916. 
May  9,  1916. 
July  4,  1916. 
engines. 
1,187375.    June  13,  1916. 


Kerosene  carburetor. 
Carburetor. 


O'Connor.    Carburetor. 


Cross-reference  patents,  class  48,  sub<^ass  H8» 


9.967 
12,535 
13,010 

57,788 
57,812 
62,856 
64,382 
80,404 
80,918 
90,445 

l74,oVo 

97,748 
109,568 
127,031 
141,968 


162,848 
163,323 
167,170 
168,048 
168,290 
206.196 
206.402 
213,351 
221,942 
307,182 
308.796 
309,467 
320,460 
348,917 
353,499 


856,950 
360,240 
367,936 
376,248 
377,607 
405,747 
427,226 
435,856 
464,779 
563,541 
564,429 
568,672 
590,893 
620,586 
622,008 


622,489 
629,581 
639,386 
640.695 
659,987 
671,042 
673,365 
674,812 
680,961 
688,406 
692,255 
714,117 
715,398 
7164227 
737,738 


777.908 
837,984 
842,846 
843,554 
890,970 
892,726 
894,656 
949.140 
957,731 
959,745 
973,602 
976,885 
979.409 
994,574 
1,004,329 


1,016,741 
1,017,750 
1,023,402 
1,036,812 
1,046,344 
1,049,417 
1.056,760 
1,079.338 
1,079,947 
1,095,402 
1,105,371 
1,106,935 
1,117,354 
1,119,479 
1,124,706 


1,124,724 
1,126,218 
1,143,092 
1,149,291 
1,152,134 
1,160,837 
1,160,897 
1,163,223 
1,168,782 
Re.  1,819 
Re.  6,865 
Re.  10,358 


SUBCLASS  149,  CABBT7BET0BS,  HEATER,  AIB. 

26,070.    Nov.  8,  1859.    Kitchen.    Apparatus  for  heating  hydrocarbon  liquids. 
47,257.    Apr.  11,  1865.    Irwin.    Improved  process  for  carbureting  air. 
53,482.    Mar.  27,  1866.    Pond  &  Richardson.    Improved  gas  apparatus. 
57,639.    Aug.  23,  1866.    Rowley,  Sloane  et  al.    Improved  apparatus  for  car* 

buretlng  air. 
66,622.    July  9,  1867.    Pedrick.    Improvement  in  carbureting  air. 
76,880.    Apr.  21,  1868.    Barker.    Improvement  in  appa.ratus  for  carbureting  air. 
79,667.    July  7,  1868.    Marshall.    Improved  air  carburetor. 
96,073.    Oct.  26,  1869.    Barbarln    Improved  machine  for  carbureting  atmos- 
pheric air. 
97,283.    Nov.  30,  1869.    Dunderdale.    Improved  apparatus  for  carbureting  air. 
110,946.    Jan.  10,  1871.    Works  &  Daniels.    Improvement  in  apparatus  and 

processes  for  generating  and  burning  vapor  fuel. 
140,105.    June  17,  1873.    Wilkinson.    Improvement  In  carburetors. 
Rand.    Improvement  In  carburetors. 
Harrington.    Improvement  in  carburetors. 
Rand.    Improvement  in  apparatus  for  carbureting  air. 
Porter.    Improvement  In  plastic  Jacket  and  condenser 


155,974. 
167,170. 
187,415. 
198,150. 


Oct.  18,  1874. 
Aug.  31,  1875. 
Feb.  18,  1877. 
Dec.  11.  1877. 


for  carburetors. 

220,685.    Oct  14, 1879.    Weart    Improvement  in  carbureting  apparatus. 
311,493.    Feb.  3,  1885.    James.    Apparatus  for  generating  gas. 
403,889.    May  21,  1889.    Harvey.    Furnace  and  apparatus  for  producing  and 

burning  gaseous  vapors. 
•5S1,779l    Jan.  1,  1895.    Cook.    Carburetor. 
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038,320.    Sept  19,  1899.    Inman.    Carburetor. 

672,854.    Apr.  23,  1901.    Goldsmith.    Carburetor. 

•685.993.    Nov.  5,  1901.    Le  Blom.    Carburetor  for  explosive  engines. 

689,460.    Dec.  24,  1901.    Clark  &  Cothran.    Carburetor. 

♦741,810.  Oct.  20,  1903.  Mohler.  Constant-level  liquid-hydrocarbon  vaporizer 
for  oil  engines. 

768,801.    Aug.  30,  1904.    Hooker.    Carburetor. 

831,374.  Sept.  18,  1906.  Perrier.  Apparatus  for  the  production  of  carbureted 
air. 

906,276.    Dec.  8,  1908.    Peregrine.    Apparatus  for  carbureting  air. 

•1,017,572.    Feb.  13,  1912.    Lund.    Attachment  for  carburetors. 

1,065,819.    June  24,  1913.    Lion.    Device  for  carbureting  air. 

1,066,295.    July  1,  1913.    Lion.    Device  for  carbureting  air. 

1,091,521.    Mar.  31,  1914.    Lund.    Temperature  controller  for  carburetors. 

1,113,892.    Oct  13,  1914.    Feller.    Carburetor. 

1,132,199.    Mar.  16,  1915.    McKeen.    Air  heater  for  carburetors. 

1,139,081.  May  11,  1915.  Stone.  Fuel  economizer  for  internal-combustion 
engines. 

1,141,450.  June  1,  1915.  Erlckson.  Device  for  supplying  heated  air  to  car- 
buretors. 

•1,145.47a    July  6,  1915.     Fulton.     Carburetor. 

Be.  2,455.    Jan.  15,  1867.    Pond  &  Richardson.    Improved  gas  apparatus. 

CroBB-reference  patent b,  cIcbb  48,  subclaBB  1^9. 


62,087 

175,827 

435,856 

723,487 

1,004,329 

1,070,449 

1,132,420 

90,436 

221,942 

478,549 

742,920 

1,011,641 

1,072,875 

1,158,494 

100,080 

254,243 

505,700 

911,967 

1,013,983 

1,107,967 

127,a31 

309,467 

590,893 

921,934 

1,046,344 

1.109,025 

162,848 

370,936 

673,365 

951,501 

1,064,106 

1,120,128 

166,602 

427,225 

714,117 

961,481 

1,064,866 

1,125,339 

SUBCLASS    150,   CABBURET0B8,   OIL   FEED. 

58,422.    Oct.  2,  1866.    Hutchinson.    Improved  automatic  feed  for  carburetors. 

68,231.    Aug.  27, 1867.    Peacock.    Improved  carbureting  apparatus. 

81,590.  Sept.  1,  1868.  Brin.  Approved  apparatus  for  carbureting  air  and  ap- 
plying the  same. 

97,748.    Dec.  7,  1869.     Springer.    Improved  gas  machine. 

108,005.  Oct  4,  1869.  Chapin.  Improvement  in  apparatus  for  carbureting  air 
and  gas. 

111,175.  Jan.  24,  1871.  Chapin.  Improvement  in  apparatus  for  carbureting 
air. 

190,714.    May  15,  1877.    Enggren.    Improvement  in  gas  carburetors. 

198,353.  Dec.  18,  1877.  ChoUar.  Improvement  in  automatic  feed  regulators 
for  carburetors. 

212,502.  Feb.  18,  1879.  Beed.  Improvement  In  feed  regulators  for  carbu- 
retors. 

230.744.  Aug.  3,  1880.    Chace.    Gas  governor  and  regulator  for  carburetors. 
253,713.    Feb.  14,  1882.    Jackson.     Oll-dlstributlng  mechanism  for  carburetors. 
443,214.    Dec.  23,  1890.    Addicks.    Heater  for  hydrocarbon  liquids. 

568,944.    Oct.  6,  1896.    Griffen.    Device  for  charging  hydrocarbon-gas  gener- 
ators. 
679,018.    July  23,  1901.    Fischer.    Oil  feed  for  carburetors. 
772,791.    Oct.  18,  1904.    Dow.    Carburetor. 

•792,670.    June  20,  1905.    Shaln.    Vaporizer  or  carburetor  for  gas  engines. 
810,087.    Jan.  16,  1906.     Sanders.    Carburetor. 
817,592.    Apr.  10,  190a     Shless.    Carburetor. 
820,554.    May  15,  1906.    Colbath.    Carburetor. 
834,029.    Oct.  23,  1906.     Smith.    Carburetor. 

835.745.  Nov.  13,  1906.  Bouchaud-Pracelq.  Automatic  apparatus  for  carbu- 
reting air  and  other  gases. 

855,407.    May  28,  1907.    Loewensteln.    Carburetor. 
866,587.    Sept  17,  1907.    Johnson.    Gas  machine. 
876,678.    Jan.  14,  1908.    Andres.    Carburetor. 
•894,225.    July  28, 1908.    0*NeUL    Explosive  engine. 
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912,468.    reb.  16,  1909.    Grandjean.    Oil  feed  for  carbureting  apparatus. 

913,857.    Mar.  2,  1909.    Steward.    Carburetor. 

929,185.    July  27,  1909.    Osgrlg.    Carburetor. 

984,366.    Sept  14,  1909.    Steel.    Means  for  su];q;>lylng  oil  to  carburetors. 

951,779.    Mar.  8,  1910.    French.    Carburetor. 

975.156,    Nov.  8,  1910.    Pl^plu.    Carburetor. 

984,082.    Feb.  14, 1911.    Seager.    Carburetor. 

1,063,081.    May  27,  1918.    Thleoo.    Apparatus  for  the  production  of  air  gas. 

*1,110,131.    Sept.  8,  1914.    Qreen.    Automatic  regulator  of  carburetors. 

^1,183,872.    Mar.  30;  1915.    Maneas.    Gas-engine  attachment 

•1,137.135.    Apr.  27. 1915.    Hart    Carburetor. 

•1,163,393.    Dec  7, 1915.    Corbett    Carburetor. 

Re.  6,070.    Jan.  24,  1871.    Chapln.    Improvement  In  carburetors. 


CroMs-reference  patents,  clots  48,  subclass  150, 


98,267 
114,358 
185,806 
169,064 
211,194 
219,158 


320.460 
333,506 
589,094 
592,579 
758,790 


768,074 
775,859 
777,390 
782,788 
782.980 


783,790 
794,938 
818.207 
818.397 
823,382 


923,377 
932,478 
949,140 
953,606 
940,916 


944,482 
948,744 
962,860 
964,165 
976»781 


979,761 
1,002,791 
1,046,653 
1,089,471 
1,187,219 


StTBCLASS  150.1,  CABBX7BETOBS,  OIL  TED),  1CX7LTIPIJB  ST7FPLT. 

688,125.    Sept  24,  1901.    Laurent  &  Clerget    Vaporizing  device  for  explosive 

engines. 
•684,662.    Oct.  16, 1901.    Ahara.    Feeder  for  explosive  engines. 
''756,879.     Apr.    12,    1904.     McCadden.     Carburetor   for    Intemal-combusHon 

engines. 
•771,492.    Oct  4,  1904.    Parmenter.    Carburetor  for  explosive  engines. 
798,150.    Aug.  29,  1905.    Wolgamott    Carburetor  for  gas  engines. 
•811,618.    Feb.  6,  1906.    Claudel.    Carburetor  for  hydrocarbon  engines. 
Merwln.    Gas-saturating  device. 
Gerber  &  Welland.    Vaporizer. 

Baverey.    Carburetor  for  explosion  motors. 
Wegner.    Gasoline  engine. 

Johnston.    Vaporizer  for  Internal-combustion  engines. 
Blow.    Carburetor. 
Johnston.    Mixing  valve  for  Internal-combustion  en- 


•871,28a    Nov.  19,  1907. 
•877,890.  Jan.  28,  1908. 
•907,95a     Dec.  29,  1908. 

May  25,  1909. 

Dec.  21,  1909. 

Nov.  29,  1910. 

Jan.  31t  1911. 


923.093. 

977.066. 
962,826. 

glnes. 

983,994.    Feb.  14,  1911.    Harrington.    Carburetor. 
•1,003,351.     Sept  12.  1911,    Fulton.    Carburetor. 
•1,013.T59.    Jan.  2,  1912.    Freldag.    Internal-combustion  engine. 

Mowbray.    Hydrocarbon  vaporizer  for  Intemal-com* 


•1,021,326.    Mar.  26,  1912. 

bustlon  engines. 
1,029,740.    June  18,  1912. 
1,038,780.    Sept.  17,  1912. 
1,043,080.    Nov.  5,  1912. 
1,048,620.    Dec.  31,  1912. 
•1 055.084.    Mar.  4,  1913. 
•1,062,333.    May  20,  19ia 
•1,069,399.    Aug.  5.  19ia 
•1,077,910.    Nov.  4,  19ia 
•1,084,151.    Jan.  13,  1914. 
•1,085,239.    Jan.  27,  1914. 
•1,095,384.    May  5,  1914. 
•1,095.622.     May  5,  1914. 
•1,099,277.    June  9,  1914. 
•1,099,547.    June  9,  1914. 
•1.101,147.    June  23,  1914. 
•1,102,722.    July  7,  1914. 
•1,104,762.    July  28,  1914. 
•1,108,181,    Aug.  25,  1914. 
•1,111,224.    Sept  22,  1914. 
•1,112,641.    Oct  6,  1014. 


Beck.    Carbureting  apparatus  for  explosive  engines. 
Moore  &  Browne.    Engine. 

Duls.    Moisture-supplying  device  for  carbureted  air. 
WlUams.    Carburetor. 
Rumely.    Carburetor. 

Hlgglns.    Carburetor. 
Eckre.    Carburetor. 
Hlgglns.    Carburetor. 

Ireland.    Carburetor. 

Blschop.    Blfuel  carburetor. 
Collett    Carburetor. 
Bruun.    Carburetor. 
Baverey.    Carburetor. 
Gentle.    Carburetor. 

Sawyer.    Admission  valve. 
Cobb.    Carburetor. 

Ahlberg.    Carburetor. 

Kane.    Carburetor. 

Hamilton.    Carburetor. 
Moeller.    Fluid  mixing  and  regulating  device. 
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Dec.  8,  1914.    CJorser.    Carburetor. 
Dee.  22,  1914.    Mohler  &  Fry.    Carbureting  apparatus. 
Jan.  12,  1915.    Gentle.    Carburetor. 
Mar.  23,  1915.    Hazen.    Carburetor. 
Apr.  27,  1915.    Hart.    Carburetor. 
May  11,  1915.    Ahlberg.    Carburetor. 
June  1,  1915.    Noyes.    Liquid  feeder  for  burners,  etc. 
June  15,  1915.    Baker.    Carburetor. 
June  22,  1915.    Haynes.    Carburetor. 
July  15,  1915.    Higgins.    Carburetor. 
Aug.  17,  1915.    Johnston  &  Longenecker.    Carburetor. 
Aug.  17,  1915.    Podlesak.    Internal-combustion  engines. 
Aug.  81,  1915.    Webb.    Carburetor. 
Sept.  14,  1915.    McCray.    Carburetor. 
Sept.  28,  1915.    Higgins.    Carburetor. 
Oct.  5,  1915.    Dougan.    Carburetor. 
Oct  19,  1915.    Maing  &  Pellegrini.    Carburetor. 
Nov.  16,  1915.    Bates.    Carburetor. 
Dec.  7,  1915.    Corbett.    Carburetor. 
Jan.  4,  1916.    Anderson.    Carburetor. 

Jan.  4,  1916.    Burger.    Fuel-feed  mechanism  for  internal-combus- 
tion engines. 
•1,168,783.    Jan.  18,  1916.    Bucker.    Carburetor. 
Feb.  8,  19ia    HoUey.    Carburetor. 

Feb.  22,  1916.    Fontaine.    Carburetor  for  kerosene  and  the  like. 
Mar.  21,  1916.    Radloff.    Carburetor. 
Mar.  28,  1916.    Roberts.    Carburetor. 
Apr.  11,  1916.    Carithers.    Carburetor. 
May  16,  1916.    Miller  &  Adamson.    Carburetor. 
May  16,  1916.    GiUes.    Carburetor. 


1,120,602. 

•1,121.651. 

•1,124,724. 

•1,132,580. 

•1,137.135. 

•1,138,829. 

•1,141,258. 

•1,142,793. 

•1,143,961. 

•1,145.990. 

•1,150,202. 

•1,150,224. 

•1,152,134. 

•1,153,436. 

•1,154,630. 

•1,155,407. 

•1,157,116. 

•1,160,239. 

•1,163,393. 

•1,166,734. 

•1,166,967. 


•1,171,200. 
•1,172,263. 
•1,176,600. 
•1,177,538. 
♦1,179,278. 
•1.183,221. 
♦1,183,293. 


Cross-reference  patents,  class  48,  subclass  150,1. 


439.813 
575,720 
581,980 
593,911 
625,887 
632,859 


672,500 
698,895 
706,050 
726,671 
778,988 
801,390 


812,860 
817,721 
830.144 
852,272 
867.797 
878,706 


944,811 
961,152 


963,307  1,098,164  1,140,064 
995,530  1,109,025   1,148,888 


964,409  1,013,983  1,110,482   1,156,886 

976,237  1,022,027  1,111.897  Re.  12,322 

979,667  1,065,948  1,116,192 

979,787  1,072,875  1,128,998 


668,953    807,391    906,783    980,946   1,077,414  1,133,527 


SUBCLASS  160.2,  CABBI7BET0RS,  OIL  FEED,  ICULTIPLB  JET. 

498,673.    May  30,  1893.    Mulvey.    Apparatus  for  carbureting  air. 

•616.974.    Jan.  3,  1899.    Riotte.    Gas  engine. 

716,573,    Dec.  23,  1902.    Nelk.    Carburetor  for  explosive  engines. 

♦726,986.    May  5,  1903.    Peteler.    Carburetor  for  gas  engine. 

♦751,292.    Feb.  2,  1904.    Johanson.    Mixer  for  gasoline  engines. 

•792,878.    June  20,  1905.    Brasier.    Carburetor. 

♦823,485.    June  12,  1906.    Steinbrenner  &  Mayer.    Carburetor  for  explcMSlve 

engines. 
♦867,859.    Oct.  8,  1907.    Weinat  &  Bogey.    Carburetor. 
♦871.134.    Nov.  19,  1907.    Monnier  &  Morin.    Carburetor. 

Brennan.    Carburetor  for  explosive  engines. 

Carburetor  for  internal-combustioa    ^- 


•891,322.    June  23,  1908. 
•894,656.     July  28,   1908. 

glnes. 
♦952,547.    Mar.  22,  1910. 
•973,602.     Oct.  25,  1910. 
•977,813.    Dec.  6,  1910. 
•979,908.    Dec  27,  1910. 
985,256.    Feb.  28,  1911. 
♦986.700.    Mar.  14.  1911. 
♦995,074.    June  13,  1911. 
♦995,919.    June  20,  1911. 
♦997,929.    July  11,  1911. 


♦1,117,283.    Nov.  17,  1914.    Barker.    Carburetor. 


Johnston. 


Schwartz.    Carburetor. 

Williams.    Carburetor. 
Marrder.    Carburetor. 

WiUet    Carburetor. 
Friedenwald.    Carburetor. 

Fogel.    Carburetor. 

McCarthy.    Priming  attachment  for  carburetors. 

Smith.    Carburetor. 

Meyer.    Carburetor. 
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♦1.118,806. 
•1,143.002. 
•1.148,779. 
•1,147,644. 
•1,151,980. 
•1,158,435. 
•1.160,837. 
•1,167,217. 
•1,176,267. 
•1,179,701. 
•1.180.152. 
•1,184,695. 
•1,186,797. 


Not.  24,  1914.    Reichenbach.    Carburetor. 

June  15,  1915.    Unckles^    Carburetor. 

June  22.  1915.    Pembroke.    Carburetor. 

July  20,  1915.    Reichenbach.    Carbureting  devfOft 

Aug.  31,  1915.    Baiassa.    Carburetor. 

Nov.  2,  1915.    Bourne.    Carburetor. 

Nov.  16,  1915.    Burnham.    Carburetor. 

Jan.  4,  1916.    Reichenbach.    Carburetor. 

Mar.  21,  1916.    Baverey.    Carburetor. 

Apr.  18,  1916.    Costa.    Carburetor. 

Apr.  18,  19ia    Howes.    Carburetor. 

May  23,  1916..   Costa.    Carburetor. 

June  13,  1916.    Kingston.    Carburetor. 

CrosB-reference  patents,  clasB  ^8.  subclau  150JB. 


504,723 
568,017 


696,146 
741,810 


842,261 
852,272 


938,894 
1,1064258 


1,118,126 
1,134366 


1,165,666 
1,168,782 


1A69,578 


SUBCLASS  160.8,  CABBUBETOBS,  OIL  VEED,  MX7LTIPLK  JVT,  PBOOBBSSIVS. 

•664,134.  Dec.  18,  1900.    DougiU.    Internal-combustion  engine. 

•674.0344  May  14,  1901.    Krastin.    Speed  governor  for  explosive  engines. 

•755,074.  Mar.  22,  1904.  Sturtevant  Double  carburetors  for  explosive  en« 
glnes. 

•759,624.  May  10,  1004.    MacMulkin.    Vaporizer  for  hydrocarbon  engines. 

•818,853.  Apr.  24,  1906.    Renault.    Carburetor. 

•832,183,  Oct  2,  1906.    Duryea  &  Remington.    Carburetor. 

•832,184.  Oct.  2,  1906.    Duryea  &  Remington.    Carburetor. 

•851,759.  Apr.  30,  1907.    KunkeL    Carburetor. 

*858,437.  July  2,  1907.    Brooke.    Carburetor. 

•871,320.  Nov.  19,  1907.    Bollfie.    Carburetor. 

•871.741.  Nov.  19,  1907.    Sturtevant    Double  carburetor  for  explosive  engines. 

•879,380.  Feb.  18,  1908.    Greuter.    Multiple  carburetor. 

•881,4ia  Mar.  10.  1908.    Krebs.    Carburetor. 

•881,800.  Mar.  10,  1908.  Horstman.  Carburetor  for  Internal-combustion  en- 
gines. 

•891,219.  June  16,  1908.    Menns.    Carburetor. 

•892,499.  July  7,  1908.    Broderick.    Carburetor. 

•895,709.  Aug.  11, 1908.    Abernethy.    Carburetor  for  hydrocarbon  engines. 

•898,494.  Sept  15,  1908.    Mooers.    Carburetor. 

•898,495.  Sept  15,  1908.    Mooers.    Carburetor. 

•900,604.  Oct  6,  1908.    Small.    Carburetor. 

•901345.  Oct  20,  1908.    Howell.    Carburetor. 

•907,757.  Dec.  29,  1908.    Duryea.    Carburetor. 

•910,018.  Jan.  19,  1909.  Prestwlch.  Carburetor  for  Intenud-combustlon 
engines. 

•920,979.  May  11,  1909.    Morehouse.    Carburetor. 

•927,211.  July  6,  1909.    Bennett.    Carburetor. 

•928,121.  July  13,  1909.    Goldberg.    Carburetor. 

•982,465.  Aug.  31,  1909.    Haas.    Carburetor. 

•941,424.  Nov.  30,  1909.    Leonard.    Carburetor. 

•948,612.  Feb.  8,  1910.    Krause.    Carburetor  for  combustion  engines. 

•964,786.  Apr.  12,  1910.    Craven.    Carburetor. 

•968,476.  May  17,  1910.    Cook,    Carburetor. 

•961,481.  June  14,  1910.    Carter.    Carburetor. 

•970,558.  Sept  20,  1910.    Ryan.    Carburetor. 

•973,262.  Oct  18,  1910.    Daniel.    Carburetor. 

•976,258.  Nov.  22,  1910.    Gallagher.    Carburetor. 

•977,044.  Nov.  29,  1910.    Rebourg.    Carburetor. 

•979,700.  Dec.  27,  1910.    ProehL    Carburetor. 

•982,297.  Jan.  24,  1911.    Perce.    Carburetor. 

•962,428.  Jan.  24, 1911.    Huggins  &  Parker.    Carburetor. 

•989307.  Apr.  11,  1911.    Simmons.    Carburetor. 

•989,616.  Apr.  11,  1911.    Sprung  &  Rose.    Carburetor. 

•993,770.  May  30,  1911.    Fritz.    Carburetor. 
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•998,123. 

♦1,001.950. 

♦1.002.099. 

♦1,002,700. 

♦1,006.130. 

♦1.006387. 

♦1,006.411. 

♦1,010.051. 

♦1,010,06a 

♦1,010,116. 

♦1,011.694. 

♦1,011,696. 

♦1,011,960. 

♦1,014.551. 

♦1,016,108. 

♦1,018,262. 

♦1.021,547. 

♦1.022.702. 

1.022.703. 

♦1,037.993. 

♦1,038,040. 

♦1,040,414. 

♦1,040.619. 

♦1.041,481. 

♦1,046,014. 

♦1,046,434. 

♦1,048.518. 

♦1,049,705. 

♦1,051,041. 

♦1,061,835. 

♦1,063,14a 

♦1,065,912. 

♦1,065,977. 

♦1,069,817. 

♦1,072,733. 

♦1073,179. 

♦1,074,574. 

♦1,074,575. 

♦1,074,577. 

♦1,078,349. 

♦1.078,582. 

1,079,634. 

♦l,080,lia 

♦1,080,815. 

♦1,088,091. 

♦1,089,089. 

♦1,089.105. 

♦1,089.372. 

gines. 
♦1,089,524. 
♦1,090,047. 
♦1,090,208. 
-1,093,343. 
♦1,094,674. 
♦1,099,293. 
1,099,828. 
♦1,100,679. 
♦1,101,869. 
♦1,103,930. 
♦1,104,560. 
1,106,192. 
♦1,108,245. 
♦1,109.974. 

jrtnes. 
♦1,112.374. 
♦1-,113,221 


July  18.  1911.    Scalfe. 
Aug.  29.  1911.    Hart. 
Sept  5,  1911. 
Sept.  5,  1911. 
Oct.  17,  1911. 
Oct.  17,  1911. 
Oct  17,  1911. 
Nov.  28,  1911. 
Nov.  28,  1911. 
Nov.  28,  1911. 
Dec.  12.  1911. 
Dec  12,  1911. 
Dec.  19,  1911. 
Jan.  9.  1912. 
Jan.  80,  1912. 
Feb.  20.  1912. 


Carburetor. 
Carburetor. 
Jouffret  &  Renfie.    Carburetor. 
Jouffret  &  Ren^    Carburetor. 
Riotte.    Vaporizer. 
Kreis.    Carburetor. 
Scott    Carburetor. 
Hoffman.    Carburetor. 
Newcomb.    Carburetor. 
Carter.    Carburetor. 
WInton.     Carburetor. 
WInton.    Carburetor, 
lonides.    Carburetor. 
WInton.    Carburetor. 
Stelnbrenner.    Carburetor. 

Neal.    Carburetor  for  internal-combustion  engines. 
Mar.  26,  1912.    Motsinger.    Carburetor. 
Apr.  9,  1912.    Rothe.    Carburetor. 
Apr.  9,  1912.    Rothe.    Carburetor. 
Sept  10,  1912.    Romans.    Carburetor. 
Sept  10,  1912.    Weiss.    Carburetor. 
Oct  8,  1912.    Rettig.    Carburetor. 
Oct  8,  1912.    Carter.    Carburetor. 
Oct  15,  1912.    Kaley.    Carburetor. 
Dec.  3,  1912.    Ratcllff.    Carburetor. 
Dec  10,  1912.    Bolfie.    Carburetor. 
Dec  31, 1912.    Fritz.    Priming  device  for  carburetors. 
Jan.  7,  1918.    Greuter.    Carburetor. 
Jan.  21,  1918.    White.    Carburetor. 
May  13,  1913.    Gobbl.    Carburetor. 
May  27,  1913.    Anderson.    Carburetor. 
June  24,  1913.    Binon.  Carburetor. 
July  1, 1913.    Smith.    Carburetor. 
Aug.  12,  1918.    Schultz.    Carburetor. 

Kaltenbach.    Carburetor. 
Sprung.    Carburetor. 
Riotte.    Carburetor. 
Riotte.    Carburetor. 
Smith.    Carburetor. 
Hawzhurst  &  Nicolal.    Carbureting  device. 
Nov.  11,  1013.    Jaugey.    Carburetor. 
Nov.  25,  1913.    Burchartz.    Carburetor. 
Dec  2,  1913.    Monosmith.    Carburetor. 

Dec.  9,  1913.    Everest.    Carberetor  for  internal-combustion  engines. 
Feb.  24,  1914.    Raymond.    Carburetor. 
Mar.  3,  1914.     Stamps.     Carburetor. 
Mar.  3,  1914.    Bessom  &  Anderson.    Carburetor. 
Mar.  3,  1914.     Baverey.     Carburetor  for  Internal-combustion  en- 
Mar.  10,  1914.    Barrett  &  Wilson.    Carburetor, 
Mar.  10,  1914.    Goudard  &  Mennesson.    Carburetor. 
Mar.  17,  1914.    Heitger.    Carburetor. 
Apr.  14,  1914.    McAndrews.    Carburetor. 
Apr.  28,  1914.    Miller  &  Adamson.    Carburetor. 
June  9,  1914.    Goldberg  &  Tillotson.    Carburetor. 
June  9,  1914.    Tatom.    Carburetor. 
June  16,  1914.    McGulre.    Carburetor. 
June  30,  1914.     McGuire.     Carburetor. 
July  21,  1914.    Bennett    Carburetor. 
July  21, 1914.    Shoobridge  &  Gunstone.    Carburetor. 
Aug.  4,  1914,    Crouan.    Carburetor. 
Aug,  25,  1914.     Schebler.     Carburetor. 
Sept.  8,  1914.     Fagard.     Carburetor  for  internal-combustion  en* 


Sept  9,  19ia 
Sept  la  1913. 

Sept  80,  1913. 

Sept  30,  1913. 

Sept  30,  1913. 
Nov.  11,  1913. 


Sept.  29,  1914.    Livingston.    Carburetor. 
Oct,  13,  1914,    Krause  Carburetor, 
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13,551.  Ck!t  18,  1914.    Greuter.    Carburetor. 

5,632.  Nov.  3,  1014.    Weiss.    Device  for  regulating  supplemental  supply  of 

fuel  mixtures  and  air  to  internal-combustion  engines. 

16,028.  Nov.  8,  1914.    Crawford.    Carburetor. 

19,076.  Dec.  1,  1914.    Frey.    Carburetor. 

20,188.  Dec.  8,  1914.    Duff.    Carburetor. 

20.184.  Dec.  8,  1914.    Duff.    Carburetor. 

20.185.  Dec.  8,  1914.    Duff.    Carburetor. 
22,571.  Dec.  29, 1914.    Sinks.    Carburetor. 
23.469.  Jan.  5,  1915.    Bennett    Carburetor. 

24,697.  Jan.  12,  1915.    Carter.    Needle-valve  operating  mechanism  for  car- 
buretors. 

25,069.  Jan.  19,  1915.    Coulter.    Carburetor. 

25,368.  Jan.  19,  1915.    Monosmith.    Carburetor. 

28,773.  Feb.  16,  1915.    Goldberg.    Carburetor. 

30,350.  Mar.  2,  1915.    Thompson.    Carburetor. 

30,474.  Mar.  2,  1915.    Brush.    Carburetor. 

30,490.  Mar.  2,  1915.    Delaunay-Belleville.    Carburetor. 

3OJ0O.  Mar.  9, 1915.    Bennett.    Carburetor. 

30.950.  Mar.  9,  1915.    Williams.    Carburetor. 

33,904.  Mar.  30,  1915.    Wyman.    Carburetor. 

34,942.  Apr.  6,  1915.    Bessom  &  Anderson.    Carburetor. 

35,211.  Apr.  13,  1915.    Schiedeknecht.    Carburetor. 

43,98a  June  22,  1915.    Muir.    Carburetor. 

44,206.  June  22,  1915.    Juh&sz.    Carburetor. 

45,824.  July  6,  1915.    Udale.    Carburetor. 

46,150.  July  13,  1915.    Gardner.    Visible  carburetor. 

47,337.  July  20,  1915.    Muir.    Carburetor. 

47,940.  July  27,  1915.    Griffin.    Carburetor. 

48,378.  July  27,  1915.    Grapin.    Carburetor. 

18,485.  July  27,  1915.    GaUagher.    Carburetor. 

49.291.  Aug.  10,  1915.    Richard.    Carburetor. 

51.778.  Aug.  81,  1915.    Funderburk.    Carburetor. 

52,031.  Aug.  81,  1915.    Lobdell.    Carburetor. 

52,178.  Aug.  81,  1915.    Haugele.    Carburetor. 

53,487.  Sept  14,  1916.    Grelner.    Carburetor. 

55,457.  Oct  5,  1915.    Wetterhahn.    Carburetor. 

56,084.  Oct  12, 1915.    KimmeU.    Carburetor. 

57,146.  Oct.  19,  1915.    Carrel.    Pressure  carburetor. 

58.589.  Nov.  2,  1915.    Thurot.    Carburetor. 

59,167.  Nov.  2,  1915.    Breeze.    Carburetor. 

59,851.  Nov.  9.  1915.    McCurdy.    Carburetor. 

52,041.  Nov.  30,  1915.    Cunningham.    Carburetor. 

52,808.  Nov.  30,  1915.    Pond.    Carburetor. 

52,680.  Nov.  80.  1915.    Buick.    Carburetor. 

58,223.  Dec.  7.  1915.    Depp6.    Carburetor. 

54,661.  Dec.  21,  1915.    Muir.    Carburetor. 

16,159.  Jan.  26,  1915.    Dressel.    Floatless  carburretor. 

56,308.  Dec.  28,  1915.    Arquembourg.    Carburetor. 

58,513.  Jan.  18,  1916.    Kingston.    Carburetor. 

59,616.  Jan.  25,  1916.    Carter.    Carburetor. 

ro,348.  Feb.  1,  1916.    Schdttler.    Starting  and  idle-running  device  for  Jet 
c^buretors. 

r0,416.  Feb.  1,  1916.    Claudel.    Carburetor. 

ro,417.  Feb.  1,  1916.    Claudel.    Carburetor. 

ri,074.  Feb.  8,  1916.    Stroud.    Carburetor. 

r2,031.  Feb.  15,  1916.    Morand.    Carburetor. 

r2,701.  Feb.  22,  1916.    Gardner.    Carburetor. 

r3,246.  Feb.  29,  1916.    Boettcher.    Carburetor. 

r5,536.  Mar.  14,  1916.    Longuemare.    Carburetor. 

r6,516.  Mar.  21,  1916.    Boyce.    Carburetor. 

r6,627.  Mar.  21,  1916.    Ver  Planck.    Carburetor. 

76,651.  Mar.  21,  1916.    Chatain.    Carburetor. 

r7,624.  Apr.  4,  1916.    Hill.    Carburetor. 

78,832.  Apr.  11, 1916.    Augustine.    Fluid-mixing  device. 

79381.  Apr.  11,  1916.    Sunderman.    Carburetor. 
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*1,180,483.  Apr.  25,  19ia    Fogolliu    Carburetor. 

*1,180,518.  Apr.  25,  1916.    Malstrom  &  Andersen.    Carburetor. 

•1,180,976.  Apr.  25,  1916.    Cloudsley.    Carburetor. 

•1,181,128.  May  2, 19ia    Fritz.    Automatic  priming  device  for  carburetors. 

•1,183,019.  May  16,  19ia    McGulre.    Carburetor. 

•1,183,081.  May  16,  1916.    Krueger.    Carburetor. 

•1,183,183.  May  16, 19ia    Funderburk.    Combined  dash  adjustment  and  primer 


May  16,  1916. 
May  16, 19ia 
for  carburetors. 
•1,183,222.  May  16,  1916. 
May  16,  19ia 
May  16,  1916. 
May  16,  1916. 
May  23,  19ia 
May  80,  1916. 
May  80,  1916. 
May  80,  1916. 
July  11,  19ia 

Feb.  19, 1907. 

June  24,  19ia 


•1,183,294. 

•1,183,587. 

•1,183,673. 

•1,184,267. 

♦1,184,923. 

♦1,185,016. 

•1.185,492. 

•1,190,573. 

•Re.  12,611. 

♦Re.  13,580. 

♦1,186,371. 

•1,187,463. 

•1,188,390. 

•Re.  14,045. 


Miller.    Carburetor. 
Gllles.    Carbureter. 
Parkin.    Carburetor. 
Robertson.    Carburetor. 
Smith.    Carburetor. 
Carter.    Carburetor. 
SplUer.    Carburetor. 
Finch.    Carburetor. 
Nedoma.    Carburetor. 

Sturtevant.    Double  carburetor  for  explosive  engines. 
Fritz.    Priming  device  for  carburetors. 


June  6,  1916.    Baverey.    Carburetor. 

June  13,  1916.    Merrlam.    Carburetor. 

June  27,  1916.    Baverey.    Carburetor. 

Jan.  11.  1916.    Heftier.    Carburetor. 

CroBB-reference  patents,  class  48,  subclass  150 J, 


710,841 
842,261 
844,894 


961,423 

991,152 

1,038,921 


1,055,352 
1,069,502 
1,096,482 


1,098,164 
1,107,849 
1,115,951 


1,116,673 
1,119,078 


1,120,768 
1,145,138 


1,158,494 
1,177,318 


SUBCLASS  161,  CABBUBETOBB,  OIL  FEED,  FLOAT  VALVES. 


45,729.  Jan.  3,  1865. 
55,824.  June  5,  1866. 
57,551.    Aug.  28,  1866. 

gas. 
59.142.     Oct.  23,  1866. 
80,268.     July  28, 1868. 

and  air. 
107,853.     Oct.  4,  1868. 
127,039.    May  21,  1872. 
131,815.    Oct  1,  1872. 

and  gas. 
140,998.     July  22,  1873. 
Aug.  25.  1874. 
Oct  20,  1874. 


McDougall.    Improved  apparatus  for  carbureting  gases. 
McDougall.    Improved  apparatus  for  carbureting  air. 
Myer.    Improved  apparatus  for  generating  Illuminating 

Smith.    Feeder  for  carburetors. 

Boon  &  Perry.    Improved  apparatus  for  carbureting  gas 

Bartlett    Improvement  In  gas  carburetors. 
Fish.    Improvement  In  carburetors. 
Drake.    Improvement  In  apparatus  for  carbureting  air 


154,475. 
156,142. 

air. 
156,463. 
158,184 

air  and  gas. 
160,690.    Mar.  2,  1875. 
162,848.    May  4,  1875. 

ing  air. 
164,360.    June  15.  1875. 
166,476.    Aug.  10,  1875. 
168,048.     Sept  21,  1876. 

buretors. 
176.156.    Apr.  18,  1876. 
176,156.    Apr.  18,  1876. 
177.104. 
186,302. 

buretors. 
189,645.    Apr.  17,  1877. 
193,232.    July  17,  1877. 
193,911.    Aug.  7,  1877. 
198,657.    Dec  26,  1877. 

buretors. 


Fischer.    Improvement  In  carburetors. 

Grimes.    Improvement  in  gas-carbureting  machines. 

Dillon.    Improvement  In  gas  machines  for  carbureting 


Nov.  8,  1874.    Marks.    Improvement  in  carburetors. 

Dec.  29,  1874.    Porter.    Improvement  In  apparatus  for  carbureting 

Lockwood.    Improvement  In  carburetors. 

Ofeldt.    Improvement  In  gas  apparatus  for  carburet- 

Bean.    Improvement  In  carburetors. 
Porter.    Improvement  in  gas  carburetors. 
Porter  &  Grimes.    Improvement  In  air  and  gas  car- 

Wlggln.    Improvement  In  carburetors. 
Wt^n.    Improvement  In  carburetors. 
May  9,  1876.    Deeds.    Improvement  In  carburetors. 
Jan.  16,  1877.    Boomer  &  Randall.    Improvement  In  gas  and  air  car- 
Palmer.    Improvement  In  carburetors. 
Drake.    Improvement  In  carburetors. 
Bangs.    Improvement  In  carburetors. 
Merrltt    Improvement  in  regulated  valves  for  car- 
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199,066. 
199,78L 
199,928. 
206,196. 
207.886. 
213,851. 
222,822. 
226,875. 
283,978. 
248,750. 
280,746. 
288,868. 
291.676. 
301.790. 
803,927. 
308,886. 
812.289. 
817,686. 
886.378. 
340,221. 
853,311. 
890.037. 
395,152. 
403.377. 
427,225. 
628,882. 
675,901. 
683,126. 
683.818. 
586,923. 
687.867. 
695,658. 
603.481. 
607,888. 
607389. 
618.108. 
623.725. 
626.193. 
629,246. 
639,336. 
640.696. 
646.320. 
657,770. 


686.787. 
688,776. 
688,931. 
690,308. 
697.507. 
701,890. 
706,464. 
706.600. 
707,467. 
727.161. 
746,173. 
754,774. 
828,334. 


o44.cn70. 

871,480. 
885,832. 
886.408. 
931,386. 
964,258. 
Re. 


Jan.  8, 1878.    Oray.    Improvement  in  feed  regulators  for  carburetors. 

Jan.  29,  1878.    Bradley.    Improvement  in  carburetors. 

Feb.  5,  1878.    Nelon.    Improvement  in  carbureting  apparatus. 

July  23, 1878.    Porter.    Carburetor. 

Sept  10, 1878.    Miner.    Improvement  in  carburetors. 

Mar.  18,  1879.    Rotb.    Improvement  in  carburetors. 

Dec.  23,  1879.    Howard.    Improvement  in  gas  carburetors. 

Apr.  27,  1880.    Palmer.    Gas  carburetor. 

Nov.  2, 1880.    Burrows.    Carbureting  apparatus. 

Oct  25,  1881.    Hughes.    Gas  carburetor. 

July  3.  1881.    Jackson.    Metrical  carburetor. 

Nov.  20,  1883.    Sanderson.    Carburetor. 

Jan.  8,  1884.    Burrows.    Apparatus  for  carbureting  air. 


July  8, 1884.    Bagger. 
Aug.  19,  1884.    Froh. 
Dec.  9,  1884. 
Feb.  17, 1885. 
May  12,  1885. 
Feb.  16, 1886. 
Apr.  20,  1886. 
Nov.  80,  1886. 
Sept  25,  1888. 
Dec.  25,  1888. 
May  14,  1889. 
May  6,  1890. 
Nov.  6.  1894. 
Jan.  26,  1897. 
May  25,  1897. 
June  1,  1897. 
July  20,  1897. 
Aug.  10, 1897. 
Dec.  14.  1897. 
May  8. 1896. 
July  26,  1898. 
July  26,  1898. 
Jan.  24,  1899. 
Apr.  25,  1899. 
May  30,  1899. 
July  18,  1899. 
Dec.  19,  1899. 
Jan.  2,  1900. 
Mar.  27,  1900. 
Sept  11,  1900. 
Dec.  11,  1900. 
Nov.  6,  1901. 
Dec  10,  1901. 
Dec.  17,  1901. 
Dec.  81,  1901. 
Apr.  16,  1902. 
June  10,  1902. 
Aug.  5,  1902. 


Carburetor. 
Carburetor. 
English.    Apparatus  for  carbureting  air  or  gases. 
Palmer.    Air  or  gas  carburetor. 
Symons.    Gas  carburetor. 
Bennett    Automatic  gas  generator. 
Lawrence.    Carburetor. 
Keller.    Carburetor. 
Ruckle  &  Wolters.    Carburetor. 
Lawrence.    Carburetor. 

Rogers  &  Wharry.    Carburetor  for  gas  engines. 
Cooper.    Carburetor. 
Keller.    Carburetor. 
McKnight    Gasolene-gas  machine. 
Ryder.    Carburetor. 
Redmon.    Carburetor. 

Aldrich.    Apparatus  for  manufactnring  gas. 
Shaver.    Carburetor. 
Seitz.    Carburetor. 
Pinckney.    Carburetor. 
Smith.    Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 


Smith. 
Lamb. 
Lange. 
Small. 
Grau. 
Anson. 
Parrott. 
Selzer. 


Hedrick.    Carburetor. 
Royal.    Carburetor. 
Myers.    Carburetor. 
Greenamyer.    Carburetor. 
Carter  &  Zierlein.    Carburetor. 
Legge.    Carburetor. 
Electrical  condenser. 
Keller.    Carburetor. 
Robinson.    Carburetor. 


Aug.  12,  1902.    Rush.    Carburetor. 
Aug.  19,  1902.    Walther.    Carburetor. 
May  5,  1903.    Leckband.    Apparatus  for  carbureting  air. 
Dec  8,  1908.    Sayre.    Carburetor. 
Mar.  16,  1904.    Jas.    Carburetor. 
Aug.  14,  1906.    Peterson.    Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Puddington.    Carburetor. 
Colbath.    Carburetor. 
Colbath.    Automatic  valve  for  carburetors,  etc 


Oct  2,  1906.    Morrison. 

Feb.  19,  1907.    Colbath. 

Nov.  19,  1907. 

Apr.  28,  1908. 

May  6,  1906. 

Aug.  17,  1909. 

Apr.  6,  1910. 


Cornish. 
Breiding. 


carburetors. 


Jan.  18,  1876.    Porter  .&  Grimes.    Improvement  in  air  and  gas 
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Crou-reference  patents,  cla»$  i8,  iubclasM  161. 

00,076  148,602  211,S06  350,382  604,948  829,375 

57,788  151,392  234,955  493,165  654,686  844,995    989,980 

57,812  166,427  236,159  509.174  720,485  853,196   1,009,121 

63,667  174,851  238,757  522,574  742,920  860,334   1.070,394 

85,104  176,349  245.443  559,341  763,965  870,052 

103,036  180,061  246,601  568,672  780,673  883,171 

109,568  183,884  262,991  575,901  781,701  886,526 

125,194  198,731  280.747  583,126  783,648  900,731 

135,020  204.974  308.877  593.284  796.557  951,501 

SUBCLASS  162,  CAfiBUBBTOB,  OIL  FEED.  PUKPS. 

169,843.  Nov.  9,  1875.    Rand.    ImprovemfDt  in  carbureting  apparatus. 

439,579.  Sept  15.  1891.    Hargreaves  et  al.    Carburetor. 

576.499.  Feb.  2.  1897.    Ransom.    Gas  apparatus. 

622,008.  Mar.  28.  1899.    Kemp.    Carburetor. 

625.294.  May  16.  1899.    Egan.    Carburetor. 

646,780.  Apr.  3.  1900.    Wood.    Carburetor. 

665.568.  Jan.  8,  1901.    Kemp.    Gas-generating  ai^^aratus. 

670,599.  Mar.  26,  1901.    Tenney.    Carburetor. 

689,004.  Dec.  17.  1901.    Kemp.    Carburetor. 

692,5ia  Feb.  4,  1902.    Jacks.    Carburetor. 

712,803.  Nov.  4,  1902.    Johnson.    Carburetor. 

731,137.  June  16.  1903.    Speer.    Carbureting  apparatus. 

743,439.  Nov.  10,  1903.    Bower.    Carburetor  feed. 

745,489.  Dec.  1,  1903.    Goslee.    Carburetor. 

762,477.  June  14.  1904.    Garde.    Apparatus  for  carbureting  air. 

780,355.  Jan.  17,  1905.    Kelley.    Carburetor. 

927.558.  July  13,  1904.    Laux.    Carburetor. 

•1,119,479.    Dec.  1,  1914.    Veeder.    Carburetor. 

*1,149,323.    Aug.  10,  1915.    Baker  &  Swan.    Apparatus  for  feeding  fuel  to  oU 


engines. 
•1.153,077.    Sept.  7.  1915. 
1.164,093.    Dec.  14,  1915. 


Nippel.    Carburetor. 
Houghton  &  Hall.    Carburetor. 


Cross^eference  patents,  class  48,  subclass  152. 


596,658  673,542  785,011 
620,595  714.414  767,485 
625,084 

SX7BCLA88   168.  CABBX7BET0RS.  OIL  FEED,  BOTABT. 


831.374        959,350     1,048,083     1,150,115 
841,779     1,022,451     1.080.471     1,166.505 


49,448.    Aug.  15,  1865. 

57,940.     Sept.  11,  1866. 

65,296.    May  28,  1867. 

68,666.    Sept.  10.  1867. 
reting  air. 

82,244.    Sept  15.  1868. 

85,972.    Jan.  19.  1869. 

87,556.    Mar.  9,  1869. 

97,122.    Nov.  23.  1869. 
carburetor. 

102,784.    May  10,  1870. 

127,366.    May  28,  1872. 

133,057.    Dea  17,  1872. 

138,409.    Apr.  29,  1873. 
bureting  air. 

140,711.    July  8,  1873. 
ratus. 

153,876.    Aug.  4,  1874.    Wilson  et  al.    Improvement  in  carbureting  apparatus. 

155,297.    Sept.  22,  1874.    Denny  &  Pierson.    Improvement  in  air  carburetors. 

168,290.    Sept  28.  1875.    Schflssler.    Improvement  in  bydrocarbon-gag  appa- 
ratus. 


Simonds.    Improved  apparatus  for  carbureting  air. 
McAvoy.    Improved  apparatus  for  carbureting  air. 
Stevens.    Improved  apparatus  for  carbureting  air. 
Stevens.    Improved  combination  apparatus  for  carlm- 

Plass.    Improved  apparatus  for  carbureting  air. 
Steiner.    Improved  gas  generator. 
Foster  &  Ganster.    Improved  gas  apparatus. 
Root  &  Custer.    Improved  portable  gas  apparatus  and 

Doty.    Improvement  in  gas  generators. 
Pierson.    Improvement  in  carburetors. 
Terry.    Improvement  in  carburetors. 
Judd  &  Doty.    Improvement  in  apparatus  for  car^ 

Judd  &  Pierson.    Improvement  in  carbureting  appa- 
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I    Apr.  10, 1877.    Paquette.    Improvement  in  carburetors. 

L    July  10,  1877.    Plerson.    Improvement  in  carbureting  machines. 

L    July  80, 1878.    Paquelin.    Improvement  in  carbureting  apparatus. 

B.    Nov.  8,  1881.    Jackson.    Metrical  carburetor. 

I.    Apr.  8,  1888.    Ransom.    Apparatus  for  carbureting  gas. 

r.    July  3,  1888.    Jackson.    Metrical  regulator  for  distributing  .hydro- 

rbon  liquid  to  gas  or  air. 

^    Dec.  9,  1884.    Ck>peland.    Automatic  hydrocarbon-feeding  apparatus 

r  carburetors. 

\.    Dec.  16, 1884.    Jackson.    Bucket  for  measuring  wheels  of  carburetors. 

>.    Aug.  23,  1887.    English  &  Stubbers.    Gas  machine. 

L.  *  June  3,  1890.    Hambleton.    Apparatus  for  measuring  and  carbureting 

r  or  gas. 

t.    June  4,  1895.    Ck>leman.    Gasoline-gas  machine. 

K    July  21,  1896.    Kemp.    Air-gas  machine. 

r.    Sept  5,  1899.    Stanley.    Carburetor. 

L.    Ckrt.  1,  1901.    Guy.    Carburetor. 

>.    Jan.  28,  1902.    Martenetle.    Carburetor. 

).    Feb.  11,  1902.    Kemp.    Carburetor. 

L    Sept  8,  1908.    Carrissimo  et  al.    Carbureting  apparatus. 

\.    July  18,  1905.    Poole.    Carbureting  machine. 

).    Aug.  8,  1905.    Guy.    Oil  feed  for  carburetors. 

36.    Apr.  27,  1915.    Schmidt.    Carbureting  apparatus. 

358.    July  17,  1883.    Paquelin.    Carbureting  apparatus. 

CrosB-reference  patents,  class  -J8,  subcUiss  153. 
^16        59,474        308,796        733,444  743,085        750,311        1,109.085 

SUBCLASS   154,  CABBUBET0R8,  OIL  FEED,   8PBAT. 

Mar.  21,  1865.    Simonds.    Improved  apparatus  for  carbureting  air. 

June  27,  1865.    Hainsworth.    Improved  apparatus  for  carbureting  air. 

Jan.  8,  1867.    Williams.    Improved  method  of  carbureting  gas. 
J.    Mar.  20,  1883.    Copeland.    Carburetor. 

i.    Apr.  21,  1885.     Hayes.     Apparatus  for  carbureting  and  odorizing 
tural  gas. 

r.    Sept  7,  1886.    Kniese.    Carburetor  to  be  used  in  the  manufacture  of 
Iter  gas. 

J.    June  4,  1889.    Paine.    Oil  burner. 
).    July  15,  1890.    Hargreaves  et  al.    Carburetor. 
I.    Feb.  26,  1895.    Cornish.    Carburetor. 
J.    Dec.  3,  1895.    Bourgeois.    Carburetor. 
L    Oct.  31,  1899.    Kemp.    Carburetor. 
I.    July  31,  1900.    Olds  &  Hough.    Carburetor. 
).    Oct  30,  1900.    Lambert.    Mixer  and  vaporizer  for  gas  engines. 
L    Nov.  20,  1900.    Key.    Carburetor. 
L    Nov.  27,  1900.    Wtlnsche.    Carburetor, 
r.    Sept  23,  1902.    Rosenberry.    Carburetor. 
I.    Nov.  28,  1902.    Tenney.    Carburetor. 

1.  Oct  27,  1903.    Chamberlain.    Mixer  for  hydrocarbon  engines. 
}.    Nov.  3,  1903.    Smith.    Carburetor  for  explosion  engines. 

8.    Mar.  8,  1904.    Weber.    Carburetor. 
8.    Jan.  8.  1907.    Parrott.    Carburetor. 

2.  Feb.  12,  1907.    Norton.    Device  for  generating  gas  from  crude  oil. 

0.  May  7,  1907.    Ellis.    Automatic  gasoline-gas  machine. 

1.  Mar.  10,  1908.    Meyers  &  Rickey.    Apparatus  for  carbureting  air. 
0.    Dec.  15,  1908.    Schmitt  &  Neumann.    Gas  machine. 

,951.  Nov.  3,  1914.    Martin.    Carburetor. 

,076.  Dec.  1,  1914.    Frey.    Carburetor. 

,128.  Dec.  8,  1914.    Browne.    Carburetor. 

,573.  Dec.  8,  1914.    Webber.    Carburetor. 

,540.  July  11,  1916.    Gettelman.    Carburetor. 

785.  Oct  22,  1867.    Stuart    Improvement  in  carbureting  gases. 
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Cross-reference  patentM,  claw  48,  mbolass  164. 


88J^ 
148,579 
176,156 
176,895 


189,645 
199,781 
203,505 
206,402 


247390 
251,673 
288,622 


405,747  646,780  760^7      1,110325 

427,197  673,542  852,685 

459,579  688,931  931,386 

564,429  712,803  957,731 


BUBCLABS  154.1,  CABBTBEIOBS,  OIL 


BUCnON-GOITTBOLLED  VALVB^ 


*423,214.    Mar.  11,  1890.    Butler.    Hydrocarbon  motor. 
*498,447.    May  30, 1893.    Rolfson.    Carburetor. 

*500,401.    June  27,  1893.     Lehmann.     Mixing  valve  for  petroleum  or  other 
motors. 

Nov.  20,  1893.    Rol&on.    Carburetor. 

Feb.  20,  1894.    Hoyt    Carbureting  apparatus  for  gas  or  vapor  en- 


•509,82a 
♦515,050. 

glnes. 
•556,069. 
•567,253. 
♦578,683. 
♦609,557. 
•611341. 


Mar.  10,  1896. 
Sept.  8,  1896. 
Mar.  9,  1897. 
Aug.  23,  1898. 
Sept  27,  1898. 
plosive  engines. 
♦633,800.     Sept.  26, 1899. 
May  8,  1900. 
Mar.  26,  1901. 
July  30, 1901. 
Aug.  13,  1901. 
Aug.  20,  1901. 
Dec.  10,  1901. 
Dec  31,  1901. 


Sintz.    Carburetor. 

Pratt    Vaporizer  and  mixer  for  gasoline  engines. 
Tregurtha.    Vaporizer. 

Phelps.    Vaporizer  for  hydrocarbon  oils. 
Starr  &  Cogswell.     Mixer  and  vaporizer  for 


ez- 


♦649,191. 
•670,921. 
•679,387. 
•680.572. 
•680,961. 
•688,367. 
•690,112. 

engines. 
•694,708.  Mar. 
•703,937. 
•705,995. 
•714,982. 
•715,398. 
•717,000. 
•722357. 
•724,328. 
•727,476. 

gines. 
•729,254. 
•730.608. 


Casgrain.    Carburetor  for  explosive  engines. 
Alderson.    Carbureting  and  gas-mixing  apparatus. 

Olds.    Carburetor. 
Mathieu.    Carbureting  apparatus  for  explosion'  motors. 

Dyer.    Vaporizer  for  explosive  engines.  ' 

Buffum.    Carburetor  for  explosive  engines. 

Tregurtha.    Vaporizer  for  gasoline  engines. 
KuU.     Carburetor  or  mixing  valve  for  explosive 


4, 1902.    White.    Vaporizer  for  explosive  engines. 
July  1, 1902.    Lizotte.    Vaporizer  for  explosive  engines. 
July  29, 1902.    Graves.    Carburetor  for  explosive  engines. 
Dec.  2, 1902.    Widmayer  et  al.    Generator  or  mixing  valve. 
Dec.  9,  1902.    Longuemare.    Carburetor  for  explosive  engines. 
Dea  30,  1902.    Henroid.    Internal-combustion  engine  or  motor. 
Mar.  10, 1903.    Davis.    Carburetor  for  gas  engines. 
Mar.  31,  1903.    Pivert.    Mixing  valve  for  explosion  engines. 
May  5,  1908.    Starr  &  Cogswell.    Mixer  for  explosive  gasoline  en- 


May  26,  1903. 
June  9,  1908. 

engines. 

•7314218.  June  16,  1903. 

•732,016.  June  23,  1908. 

♦741,224.  Oct  13, 1903. 

•741,959.  Oct  20,  1903. 

•746,833.  Dec.  15,  1903. 

•747,235.  Dec.  15,  1903. 

•760,673.  May  24,  1904. 

•761,392.  May  31,  1904. 

•791,192.  May  30,  1905. 

•806,079.  Nov.  29, 1905. 

•807,479.  Dec  19,  1905. 

•816,477.  Mar.  27,  1906. 

•820,408.  May  15,  1906. 

engines. 

♦826,531.  July  24,  1906. 

•826,787.  July  24,  1906. 

•839,707.  Dea  25,  1906. 

•842,429.  Jan.  29,  1907. 

•848,425.  Mar.  26,  1907. 

♦850,223.  Apr.  17,  1907. 

•863,516.  Aug.  13,  1907. 

•866,490.  Sept  17.  1907. 

•871,730.  Nov.  19,  1907. 


Bates.    Carbureting  device  for  explosive  engines. 
Brush.    Carbureting  device  for  internal-combustion 

Perkins.    Vaporizer  for  internal-combustion  engines. 

Uhlin.    Explosive-engine  governor. 
Clark.    Carburetor  for  explosive  engines. 
Emery.    Vaporizer  for  hydrocarbon  engines. 
Hennegin.    Fuel  regulator  for  gasoline  motors. 
Saris.    Carburetor  for  liquid-fuel  engines. 
White  &  Duryea.    Vaporizer  for  explosive  engines. 
Olds.    Carburetor  for  explosive  engines. 
Haynes.    Carburetor  for  explosion  engines. 
Gavelek.    Carburetor  for  hydrocarbon  engines. 

Mason.    Carburetor. 

Kellog.    Carburetor. 

Carllus.    Vaporizing  device  for  internal-combustion 

Briest    Carburetor. 

Kemp.    Carburetor. 

Biehen.    Carburetor. 

Schuyler.    Carburetor  for  explosion  engines. 

Anderson.    Carburetor  for  gasoline  engines. 

Hallett    Carburetor, 

Downing.    Carburetor. 

Lewis.    Carburetor. 

McHardy.    Carburetor. 


Digitized  by 


Google 


AEBONAUTIOa 


95 


*  876,210. 

•886,545. 

•888,263. 

*890,099. 

♦892,155. 

•896,388. 

•903,206. 

•904.659. 

♦909,490. 

•911.967. 

•912,998. 

•912,999. 

•913313. 

•915,684. 

•917,125. 

•^918,607. 

•922,374. 

•926.848. 

•930,443. 

•986,064. 

•988,894. 

•989,856. 

•941,406 

•944,811. 

•946,632. 

•948,977. 

♦950,423. 

♦951,002. 

♦952,326. 

♦955,222. 

955,353. 

♦955,956. 

♦962,649. 

♦963,804. 

♦964,409. 

♦964,831. 

♦966,381. 

♦971,038. 

♦971,862. 

♦973,882. 

•974,033. 

976.881. 

•976,911. 

•978,076. 

•978,787. 

•978,947. 

•979,409. 

•979,555. 

•981,853. 

•984,109. 

♦984,874. 

986,572. 

♦988,502. 

•988,659. 

♦993,096. 

♦993,210. 

♦994,191. 

♦994,195. 

•994,886. 

♦995,628. 

♦997,417. 

♦998,993. 

•999,088. 


Jan.  7,  1906.    Miller.    Carburetor. 

May  5.  1908.    Schebler.    Carburetor. 

May  19, 190a    Rader.    Carburetor. 

June  9,  190a    Richardson.    Carburetor. 

June  80,  1908.    Hodges.    Carburetor. 

Aug.  18,  1908.    Johnston.    Carburetor. 

Nov.  10,  1908.    Lauson.    Mixing  valve. 

Nov.  24,  1906.    Thompson.    Carburetor. 

Jan.  12,  1909.    Westaway.    Carburetor, 

Feb.  9,  1909.    Fox.    Carburetor. 

Feb.  28, 1909.    Eckert.    Carburetor. 

Feb.  23,  1909.    Eckert    Carburetor. 

Feb.  23,  1909.    Slaughter.    Carburetor  for  explosive  motors. 

Mar.  16,  1909.    Leinau.    Carburetor. 

Apr.  6,  1909.    Pierce.    Carburetor. 

Apr.  20,  1909.    Sturges.    Carburetor. 

May  18,  1909.    Wright    Mixer  and  vaporizer. 

July  6,  1909.    Carlson.    Carburetor. 

Aug.  10, 1909.    Vaughan  &  McKensle.    Carburetor* 

Oct.  5,  1909.    Westaway.    Carburetor. 

Nov.  2,  1909.    Rapp.    Carburetor. 

Nov.  9,  1909.    Papanti.    Carburetor. 

Nov  30,  1909.    Cooper.    Carburetor. 

Dec.  28,  1909.    Nageborn.    Internal-combustion  engine. 

Jan.  18,  1910.    Bassford.    Carburetor. 

Feb.  8,  1910.    Kingsbury.    Carburetor. 

Feb.  22,  1910.    Anderson  &  Mot    Carburetor. 


Mar.  1,  1910. 
Mar.  18,  1910. 
Apr.  10,  1910. 
Apr.  19,  1910. 
Apr.  26,  1910. 
June  28,  1910. 
July  12,  1910. 
July  12,  1910. 
July  19,  1910.    Wynn. 
Aug.  9,  1910.    Brooke. 
Sept  27,  1910.    OuUck. 
Oct  4,  1910.    Schebler. 
Oct.  25,  1910.     Rothe. 
Oct  25,  1910.    Daniel. 


Orott    Carburetor. 
Hagar.    Carburetor. 
Stocker.    Carburetor. 
Park.    Carburetor. 
Ennis.    Carburetor. 
Miller.    Carburetor. 
Peterson.    Carburetor. 
Eckert    Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Nov.  29,  1910.    Ivor.    Carburetor. 
Nov.  29,  1910.    Petersen  &  Pettit    Carburetor. 
Dea  6,  1910.    Tilden.    Carburetor. 
Smith.    Carburetor. 
Shaw.    Carburetor. 
Barker.    Carburetor. 
Peterson.    Carburetor. 
Halladay.    Carburetor. 
Sailer.    Carbureto^. 
Winton.    Carburetor. 
Ivor.    Carburetor. 
Petre.    Carburetor. 
Phinney.    Carburetor. 
Noyes.    Gas  and  liquid  mixer. 
Weiss.    Carburetor., 
Peterson.    Carburetor. 


Dec.  13,  1910. 
Dec.  20,  1910. 
Dec  27,  1910. 
Dec.  27,  1910. 
Jan.  17,  1911. 
Feb.  14,  1911. 
Feb.  21,  1911. 
Mar.  14,  1911. 
Apr.  4,  1911. 
Apr.  4,  1911. 
May  23,  1911. 
May  23,  1911. 
June  6,  1911. 
June  6,  1911. 
June  13, 1911. 
June  20,  1911. 
July  11,  1911. 
July  25,  1911. 
July  25,  1911. 
Aug.  1,  1911. 


•999686 

•1.000.398.  Aug.  15.  1911. 

•1.001.847.  Aug.  29.  1911. 

•1.003,101.  Sept  12,  1911. 


Prescott.    Carburetor. 

Swanberg.    Generator  valve  for  gasoline  engine. 
Miller.    Carburetor. 
Rothe.    Carburetor. 
Skinner.    Carbureting  apparatus. 
Hubbard.    Motive-fluid-supply  valve. 
Westaway.    Carburetor. 
Gentle.    Carburetor. 
Hobbs.    Carburetor. 
Gumz.    Carburetor. 
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Sept  26, 1911.    Shain.    Carburetor  for  gas  engines. 

Oct.  81,  1911.    Rice.    Carburetor. 
1,009,252.    Nov.  21,  1911.    Mallo.    Carburetor. 
1,010,008.    Nov.  28,  1911.    Schulz.    Carburetor. 

1.010.184.  Nov.  28.  1911.    Stewart    Carburetor. 

1.010.185.  Nov.  28,  1911.    Schulz.    Carburetor. 
1,014,319.    Jan.  9,  1912.    MiUer.    Carburetor. 
1,014,682.    Jan.  16,  1912.    Weld.    Carburetor. 

Jan.  SO,  1912.    Nagel.    Carburetor. 
,019,800.    Mar.  12,  1912.    Kennedy.    Carburetor. 
1,020,270.    Mar.  12,  1912.    Dunn.    Carburetor, 
1.025,816.    May  7,  1912.    Lofthouse  &  Booty.    Carburetor. 
,027,769.    May  28,  1912.    Roby.    Carburetor. 
1,029,606.    June  16,  1912.    Guthrie.    Valve  mechanism  for  carburetors. 

June  18,  1912.    Stewart    Carburetor. 

June  25.  1912.    Stamps.    Carburetor. 

July  9,  1912.    Stewart.    Carburetor. 

July  16,  1912.    Howarth.    Carburetor. 

July  23.  1912.    Underwood  &  HUl.    Carburetor. 

Aug.   27,   1912.    Atkins.    Carburetor   or  mixer  for   internal-com- 
bustion engines. 
1,040,528.    Oct.  8,  1912.    Dock.    Carburetor. 

Oct.  28,  1912.    Long.    Carburetor. 
1,044,314.    Nov.  12,  1912.    Watson.    Carburetor. 
1,046,111.    Dec.  8,  1912.    Schultz.    Carburetor. 

Dec.  3,  1912.    Becker.    Gas-mixing  valve  for  explosive  engines. 

Dec.  24,  1912.    Lavender.    Carbureting  device, 

Dec.  31,  1912.    George.    Carburetor. 

Dec.  31,  1912.    Westaway.    Carburetor. 

Jan.  7.  1913.    Stewart    Carburetor. 

Jan.  7,  1913.    Marsh.    Carburetor. 

Jan.  7,  1913.    Gould.    Carburetor. 
1,051,440.    Jan.  28,  1913.    Ostler.    Carburetor. 
1,059,501.    Apr.  22,  1913.    Stewart    Carburetor. 

Gentle.    Carburetor. 
Clement    Carburetor. 
Heidelmann.    Carburetor. 
Stewart    Carburetor. 
Cole.    Carburetor. 


1,004,091. 
1,007,659. 


1,029,897. 
1,030,343. 
1,032,307. 
1,032,547. 
1,033,130. 
1,036,536. 


1,046,141. 
1,048.083. 
1,048,954. 
1,049,318. 
1,049,417. 
1,049,887. 
1,050,059. 


1,060.545.  Apr.  29.  1913. 
1,061,582.  May  13,  1913. 
1,063,030.    May  27,  1913. 

June  17,  1913. 

July  1,  1913. 


1,064,867 
1,066,080. 
1,067,351. 
1,067,623. 


July  15,  1913.    Lavlgne.    Carburetor. 
July  15,  1913.    Schulz.    Carburetor. 


Conklln.    Carburetor. 
Drayton  &  Woodroffe. 


1,069.389.    Aug.  5,  1913. 

1,071,003.    Aug.  19,  1913. 

,074,575.    Sept  30,  1913.    Riotte.    Carburetor. 

1,077,256.    Nov.  4,  1913,    Brush.    Carburetor. 

1,078.413.    Nov.  11,  1913.    Cahill.    Carburetor 

1.078.590.  Nov.  11,  1913.    Muir.    Carburetor. 

1.078.591.  Nov.  11,  1913.    Muir.    Carburetor. 

1.078.592.  Nov.  11,  1913.    Muir.    Carburetor. 
Dec.  2,  1913. 
Dec.  9,  1918. 
Dec.  9,  1913. 
Jan.  20,  1914. 
Jan.  20,  1914. 
Jan.  27,  1914. 
Feb.  10,  1914. 

1,087,187.    Feb.  17,  1914. 
1,087,218.    Feb.  17,  1914, 


Carburetor. 


1.079,947. 
1,080,696. 
1,081,222. 
1,084,693. 
1.084,954. 
1,085,194. 
1,086,359. 


Morris.    Carburetor. 
Hugelet.    Carburetor. 

Dlirr.    Carburetor. 

Cahill.    Carburetor. 

Nice.    Carburetor. 

Russian  &  Noble.    Carburetor. 

Faries.    Carburetor  for  gas  and  gasoline  englnea 

Schultz.    Carburetor. 

Dalton  &  Conklin.    Carburetor. 
1,089,231.    Feb.  24,  1914.    Lawrence.    Carburetor  for  Internal-combustion  eur 

iflnes 
♦1,092,079.  Mar.  31,  1914.  Reeder.  Carburetor. 
♦1,095,402.  May  5,  1914.  Jordan,  Carburetor. 
♦1,097,787.  May  26,  1914.  Brewer  &  Jones.  Carburetor. 
♦1,103,864.  July.  14,  1914.  Brown.  Carburetor. 
♦1,104,494.  July  21,  1914.  Hamill.  Carburetor. 
♦1,111,179.    Sept.  22,  1914.    Pratt    Carburetor. 

♦1,112,641.    Oct.  6.  1914.    Moeller.    Fluid  mixing  and  regulating  device. 
♦1,114,222.    Oct  20,  1914.    Brigham.    Carburetor. 
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♦1,116.951.  Nov.  8,  1914.    Martin.    Carburetor. 

•1,120,128.  Dec.  8,  1914.    Browne.    Carburetor. 

♦1,120.397.  Dec.  8.  1914.    Martin.    Carburetor. 

♦1,120,573.  Dec.  8,  1914.    Webber.    Carburetor. 

♦1,123,048.  Dec.  29,  1014.    Washburn.    Carburetor. 

♦1,124,911;  Jan.  12,  1915. 

♦1,125,525.  Jan.  19,  1915. 

♦1,126,159.  Jan.  26,  1915. 

♦1,126,249.  Jan.  26,  1915. 
♦1,126,690. 
♦1,130,228. 
gines. 

♦1,132,934.  Mar.  28.  1915.    Heltger.    Carburetor. 

♦1,135,270.  Apr.  13,  1915.    Duryea. 

♦1,135,689.  Apr.  13,  1915.     ~ 

♦1,137,727.  May  4,  1915. 


Johnston.    Valve  for  gas  engine. 

Rathcock.    Carburetor. 

Dressel.    Floatless  carburetor. 
Mitchell.    Carburetor. 
Jan.,  1915.    Beucus.    Carburetor. 
Mar.   2,   1915.    Whiting.    Vaporizer  for  internal-combustion  en- 


May  4,  1915.    Abernethy.    Carburetor  for  vaporizer  for  explosive 

rolberth.    Carburetor. 
SmiUe.    Carburetor. 

Proportioning   device   especially   de- 


Carburetor. 
Harroun.    Carburetor. 

Abernethy.    Carburetor  for  Internal-combustion  en« 
glnes. 
♦1,187,728. 

engines. 
♦1,138,204.    May  4,  1915. 
♦1,139,914.    May  18,  1915. 
♦1,140,525.    May   25,    1915,    Motslnger. 

signed  for  carburetors. 
•1,141,085.  May  25,  1915.  Kent.  Carburetor. 
♦1,145,172.  July  6,  1915.  Speed.  Carburetor. 
♦1,145,854.    July   6,    1915.    Wlnkley    &    Hart    Carburetor   for   hydrocarbon 

motors. 
♦1,145,871.    July  6,  1915.    Smith.    Carburetor. 
♦1,146,181.    July  13,  1915.    Llppold.    Carburetor. 
♦1,147.672.    July  20,  1915.    Bell.    Carburetor. 
♦1,149,908.    Aug.  10,  1915.    Goudard  &  Mennesson.    Carburetor. 

Schebler.    Carburetor. 
Smith.    Carburetor. 
AbelL    Carburetor. 

Carburetor. 


♦1,156,823.  Oct.  12,  1915. 

♦1,158,324.  Oct.  26,  1915. 

♦1,158,359.  Oct.  26,  1916. 

♦1,159,005.  Nov.  2,  1915.    Funderburk. 

♦1,159,029.  Nov.  2,  1915.    Hodges.    Carburetor, 

♦1,159.049.  Nov.  2,  1915.    Klrby.    Carburetor. 

♦1,161,374.  Nov.  23,  1915.    ~ 

♦1,165.359.  Dec.  21,  1915. 

♦1,167.426.  Jan.  11,  1916. 

♦1,168,782.  Jan.  18,  1916. 

♦1,169,574.  Jan.  25,  1916. 

♦1,171,679.  Feb.  15,  1916. 

Feb.  15,  1916. 

Feb.  22,  1916. 


♦1,171.716. 
♦1,172,258. 
♦1,172,595. 


BJorklund.    Carburetor. 
Motsinger.    Carburetor. 
Park.    Carburetor. 
Bucker.    Carburetor. 
Schultz.    Carburetor. 
Vellguth.    Carburetor. 
Haas.    Carburetor. 

Coulombe.    Carbureting  mechanism  for  gas  engines. 
Feb.  22,  1916.    Heath  &  Taylor.    Carburetor. 
♦1,178,064.    Apr.  4,  1916.    Fahrney.    Carburetor. 
♦1,178,473.    Apr.  4,  1916.    Sunderman.    Carburetor. 
♦1,178,866.    Apr.  11,  1916.    Meier.    Carburetor. 
♦1,179,568.    Apr.  18,  1916.    Schortt    Carburetor. 
♦l,179,9ia    Apr.  18,  1916.    Hamlll.    Carburetor. 

May  2,  1916.    Tjompson  &  Arkenberg.    Carburetor. 
May  16,  1916.    Collett.    Carburetor. 
May  23,  1916.    Costa.    Carburetor.  . 
July  15,  1916.    Pembroke.    Carburetor. 
1,187,996.    June  20,  1916.    Kapp.    Carburetor. 
♦Be.  18,903  (orig.  783,902).    Apr.  20,  1915.    Shlpman.    Carburets. 

Cross-reference  patents,  class  48,  subclass  154J, 


♦1,181,356. 
♦1,183,538. 
♦1.184,696. 
♦1,192,106. 


938,894  1.022,326  1,065,508  1,116,678  1,180,950 

975,696  1,028,470  1,074,575  1,119,076  1,181,157 

976,287  1,038,050  1,082,007  1,119,078  1,188,904 

976,409  1,042.004  1,086,226  1,130,850  1,138,829 

995,919  1,052,051  1,101,786  1,130,474  1,140,000 

1,020,198  1,061,995  1,108,245  1,180,502  1,148,779 

72806'*— S.  Doc.  669. 64-2 7 


1,147,887  1,166,178 

1,148,247  1,167,217 

1,155,407  1,168,788 

1,156,836  1.173,762 

1,162,680  Be.  18,580 
1,164,661 
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49,034.    Sept  2, 1865.    Terry-    Improved  apparatus  for  carbureting  air. 
53,481.     Mar.  27,  1806.    Pond  &  Richardson.     Improved  apparatus  for  car- 

bureting  air. 
63,326.    Mar.  26,  1867.    St^henson.    Improved  apparatus  for  carbureting  gas 

and  air. 
66,009.    June  25,  1867.    Bassett.    Carburetor. 
146,458.    Jan.  13,  1874.    Jttngling.    Improvement  in  carburetor. 
1146,493.    Jan.  13,  1874.    Vasquez.    Improvement  in  carburetors. 
228,547.    June  8,  1880.    Maxim.    Qas  apparatus. 
238,757.    Mar.  15,  1881.    Brainard.    Carburetor. 
272,848.    Feb.  27,  1883.    Billings.    Apparatus  for  manufacturing  gas. 
820,460.    June  23,  1885.    Copeland.    Carburetor. 
867,936.    Aug.  9,  1887.    Shaw.    Hydrocarbon  and  gas-Impulse  feeder  for  gas 


423,898.    Mar.  25,  1890.    Bradley.    Air  carburetor. 

464,779.    Dec.  8,  1891.    Beichholm  &  Machlet.    Apparatus  for  and  method  of 

making  fuel  gas. 
483,003.    Sept  20, 1892.    Mendenhall.    Apparatus  for  carbureting  air. 
485,877.    Nov.  8,  1892.    Noteman.    Apparatus  for  making  gas. 
498,673.    May  30,  1893.    Mulvey.    Apparatus  for  carbureting  air. 
509,174.    Nov.  21,  1893.    Lawrence.    Apparatus  for  carbureting  gas. 
576,106.    Feb.  2,  1897.    Qibson.    Carburetor. 
^581,930.    May  4, 1897.    Alderson.    Gas  mixer. 
♦593,911.    Nov.  16,  1897.    Snow.    Vaporizing  carburetor  and  air  governor  for 

gas  engine. 
652,631.    June  26,  1900.    Pender.    Carburetor. 
*654,894.     July  31,  1900.    Hasbrouch.     Regulator  for  gasoline  or  other  like 

engines. 
♦657,740.    Sept  11,  1900.    Klltz.    Carburetor  for  gas  engines. 
♦666,623.     Jan.  22,  1901.     Gebhart     Hydrocarbon  vaporiiser  and  mixer  for 

explosion  engines. 
677,852.    July  9,  1901.    Brown  &  Donnelly.    Carburetor. 
678,194.    July  9,  1901.    Pickles.    Carburetor. 
702,378.    June  10,  1902.    Roemlsch  &  Orre.    Carburetor. 
♦705,314.    July  22,  1902.    Blake.    Carburetor. 

♦706,050.    Aug.  5,  1902.    Hardy.    Mixing  valve  for  gas  or  gasoline  engines. 
713,983.    Nov.  18,  1902.    Heath.    Carburetor  for  explosive  engines. 
♦721,238.    Feb.  24, 1903.    Rousseau.    Vapor  feeder  and  throttle  for  gas  engines. 
♦725,741.    Apr.  21,  1903.    Miller.    Fuel-feed  regulator  for  explosive  engines. 
♦726,191.    Apr.  21,  1903.    Readle.    Vaporizing  valve  for  explosive  engines. 
736,157.    Aug.  11, 1903.    Sams.    Atomizing  and  carbureting  device. 
75^,789.    May  3,  1904.    Slining  carburetor. 

♦761,192.    May  81,  1904.    Bean.    Mixing  and  vaporizing  device  for  motors. 
♦770,559.    Sept.  20,  1904.    Clay.    Carburetor  for  explosive  engines. 
♦793,498.    June  27,  1905.    Ash.    Carburetor  for  hydrocarbon  engines. 
797,615.    Aug.  22,  1905.    Schmltt.    Carburetor. 
♦807,144.    Dec  12,  1905.    Walker.    Carburetor. 
♦817,721.    Apr.  10,  1906.    Lewis.    Carburetor. 
♦827,094.    July  31,  1906.    Grant    Carburetor. 
828,274.    Aug.  7,  1906.    Cornish.    Carburetor. 
828,940.    Aug.  21,  1906.    Lanard.    Carburetor. 
♦836,764.    Nov.  27,  1906.    Heath.    Carburetor. 
846,395.    Mar.  5, 1907.    Busenbenz.    Gas-manufacturing  apparatus. 
♦856,638.    June  11,  1907.    Higgins.    Carburetor. 
857,130.    June  18,  1907.    Way.    Carburetor. 
861,758.    July  30,  1907.    McCanna.    Carburetor. 
864,037.    Aug.  20, 1907.    Selley.    Carburetor. 

♦867,604.    Oct  8,  1907.    Rothe.    Carburetor.  % 

878,297.    Feb.  4,  1908.    Levavasseur.    Carburetor. 

♦878,824.    Feb.  11,  1908.    Newbrough.    Carburetor  for  explosive  engines. 
885,230.    Apr.  21,  1908.    Von  Dulong.    Apparatus  for  the  production  of  gases 

from  hydrocarbon. 
890,970.    June  16,  1908.    DSrr.    Carbureting  apparatus  for  explosive  engines. 
896,422.    Aug.  18,  1908.    Sylva.    Carbureting  and  oil-separating  apparatus. 
♦905,012.    Nov.  24,  1908.    Spranger.    Carburetor. 
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HL  22, 1906.    Broderick.    Carburetor. 

Tot.  9,  1909.    Dtckson.    Carburetor. 

»T.  10, 1909.    Nye.    Carburetor.  « 

une  21«  1910.    Hall  ft  Dicks.    Carburetor. 

.Qg.  28,  1910.    Westaway.    Carburetor. 

k!t  25, 1910.    Haines.    Carburetor. 

k:t  2S,  1910.    Kingston.    Carburetor. 

!b.  28,  1911.    Baujard.    Carburetor. 

Oct  15, 1912.    Noyes.    Vacuum  fuel  feeder  and  carburetor. 

Dec.  16^  1918.    Fagerberg.    Engine  primer. 

Fuly  21,  1914.    Rimmer  et  al.    Carburetor. 

IfoT.  24,  1914.    Dougherty.    Meanli  for  carbureting  air. 

Feb.  2, 1915.    Veeder.    Carburetor. 

June  1, 1915.    Noyes.    Liquid  feeder  for  burners,  etc 

Sept  28, 1915.    Hagar.    Carburetor. 

3ct  5, 1915.    McAdam.    Carburetor. 

Dec.  14,  1915.    Gallagher.    Carburetor. 

May  SO,  1916.    Raymond.    Carburetor. 

rune  20, 1910.    France.    Carburetor  noszle. 

rune  27, 1916.    Geer  et  al.    Fuel-oil  atomizer. 

(orig.  886,688).    May  3, 1910.    Higgins.    Carburetor. 

Cro$%-reference  patenti,  class  |8,  subelass.  156.   4 


606,281 

778,548 

848,968 

961,481 

995,628 

1,106,192 

746.119 

778,988 

871,480 

976,781 

1,001,847 

1,116325 

760,764 

793,776 

881,481 

977,818 

1,087388 

1,141,258 

762,707 

846,680 

921,984 

979,908 

1,074,625 

1,157,146 

IUBGLA8B  155.1,  CAKBUBET0B8,  ATOMKEBS,  CONSTANT  LSVKL. 

>ct  8,  1899.    Lambert.    Mixing  device  for  gasoline  engines, 
krt  17,  1899.    Hay.    Vaporizer  for  gas  engines, 
far.  6,  1900.    Aslakson.    Internal-combustioh  engine, 
lay  8,  1900.    Longuemare.    Carburetor  for  explosive  engines. 
LUg.  27,  1901.    Westman.    Feed  cup  for  explosive  engines. 
>ept  17, 1901.    Aldrich.    Carbureting  device  for  explosive  engines, 
an.  14,  1902.    Olds.    Liquid-fuel  feed  for  explosive  engines, 
i^eb.  18,  1902.    Bardwell.    Carburetor  for  explosive  engines. 
?r.  15,  1902.    Settergren.    Mixer  or  vaporizer  for  hydrocarbon  en- 
lay  6,  1902.    Hamilton.    Carbureting  device  for  internal-combustion 

fay  6,  1902.    Duryea.    Carburetor  for  explosive  engines. 

Tune  17,  1902.    Parkin.    Carburetor  for  explosive  engines. 

)ct  14,  1902.    Schebler.    Carburetor. 

»Jov.  25,  1902.    Mors.    Carburetor  for  explosive  motors. 

i^eb.  3,  1908.     Messinger.     Carburetor  for  internal-combustion  en- 


Tuttle.    Vaporizer  or  carburetor  for  explosive  engines. 
Zimmerman.    Vaporizer  for  gas  engines. 

Kingston.    Carburetor  for  gasoline  engines. 

White.    Explosion  engine. 
Hedstrom.    Carburetor  for  explosive  engines. 

Gill.    Carburetor  for  explosive  engines. 

Pearson.    Vaporizer  for  explosive  engines. 
Grouvelle  ft  Arquembourg.     Regulator  for  carbure> 


i'eb.  8,  1903. 

Lpr.  7,  1903. 

day  12,  1908. 

day  26,  1908. 

une  9,  1903. 

Fuly  28,  1903. 

Lug.  25,  1908. 

)ct  20,  1903. 

r  explosive  engines. 

>^ov.  24,  1903.    Jenness.    Carburetor  for  gasoline  engines. 

>ec.  8,  1903.    Brennan.    Carburetor  for  gas  engines. 

Lpr.  12,  1904.    Swain.    Carburetor  for  gas  engines. 

ilay  8,  1904.    Mohler.    Carburetor  for  hydrocarbon  engines. 

klay  10,  1904.    Rutenber.    Carburetor  for  hydrocarbon  engines. 

Lug.  16,  1904.    Ritchie.    Carburetor. 

Sept  27,  1904.    Richard.    Carburetor  for  explosion  engines. 

)ct  11,  1904.    Kingston.    Carburetor  for  gasoline  engines. 
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•772,979. 
•775,553. 

gines. 
•776,406. 
•780,949. 
•789,537. 


jfov.  29.  1904. 
Jan.  24,  1905. 
May  9,  1905. 
explosive  engines. 
•789,749.    May  16,  1905. 
Jane  6,  1905. 
June  6,  1905. 
July  11.  1905. 
July  18,  1905. 
July  18.  1905. 
July  25,  1905. 
Aug.  22,  1905. 
Oct.  17,  1905. 
Nov.  7,  1905. 


791,801 
791.810. 
794,502. 
•794,927. 
794.951. 
795,357. 
797,972. 
802,038. 
804,025. 
813,683. 
815,712. 
816.846. 
817.641. 
817,903. 
821,081. 
823,608. 
825,499. 
825,754. 
826,531. 


829,345. 
842,052. 
846.903. 
851,285. 
853,428. 
854,246. 
855,179. 
859,719. 
862,083. 
863,739. 
864.111. 
865.522. 
873,392. 
876,800. 
878,770. 
881,279. 
883,740. 
886,526. 
886,527. 
889,487. 
889.558. 
890,273. 
893.685. 
898,361. 
900,098. 
907,279. 
907,881. 
908,764. 
910,326. 
911.153. 
911.849. 
913.354. 
915,647. 
920,231. 
924,673. 
926,039. 
928,828. 
930,724. 


Oct.  25,  1904.    Vaurs.    Carburetor  for  hydrocarbon  engines. 

Nov.  22,  1904.    Burton  &  Seibel.    Carburetor  for  hydrocarbon  en- 
Lamb.    Vaporizer  for  hydrocarbon  engines. 
Huber.    Carburetor  for  hydrocarbon  engines. 
Qrouvelle  &  Arquembourg.    Atomizing  carburetor  for 

Maxwell.    Carburetor  for  gas  engines. 

Leinau.    Carburetor  for  hydrocarbon  engines. 

Orr.    Carburetor. 

Hennebutte.    Carburetor. 
Cushman.    Carburetor. 

Shaaf  &  Lacy.    Carburetor. 
Maxwell.    Carburetor. 

Moreland.    Vaporizer  for  explosive  engines. 

Hagar.    Carburetor  for  hydrocarbon  engines. 
Minton.    Carburetor  for  gas  engines. 
Feb.  27,  1906.    Adams.    Carburetor. 
Mar.  20,  1906.    Johnston.    Carburetor  for  explosive  engines. 
Apr.  3, 1906.    Charron  &  Girardot.    Carburetor  for  petroleum  motors. 
Apr.  10,  1906.    Harris.    Carburetor. 
Apr.  17,  1906.    Comstock.    Carburetor. 
M^y  22,  1906.    Brennan.    Carburetor. 
June  19, 1906.    Malezieux.    Carburetor  for  explosive  engines. 
July  10, 1906.    Sturtevant.    Carburetor  for  gas  engines. 
July  10, 1906.    Pearson.    Vaporizer  for  hydrocarbon  engines. 
July  24,  1906.    Briest    Carburetor. 
Aug.  7,  1906.    Menns.    Carburetor. 
Aug.  21,  1906.    Menns.    Carburetor. 
Jan.  22,  1907.    Anderson.    Carburetor. 
Mar.  12,  1907.    Bradbeer.    Carburetor. 
Apr.  23, 1907.    Freeman.    Carburetor  for  an  explosive  englna 
May  14,  1907.    Trebert.    Carburetor. 
May  21,  19(?7.    Smith.    Carburetor. 
May  28,  1907.    Jenness.    Carburetor. 
July  9,  1907.    Anderson.    Carburetor. 
July  30,  1907.    Longennecker.    Carburetor. 
Aug.  20,  1907.    Maxwell.    Carburetor. 
Aug.  20,  1907.    Sickles.    Carburetor. 
Sept.  10,  1907.    Park.    Carburetor. 
Dec.  10,  1907.    Stoker.    Carburetor. 
Jan.  14,  1908.    Gundelach.    Carburetor. 
Feb.  11.  1908.    Cahlll.    Carburetor. 

Mar.  10,  1908.    Allen.    Carburetor  for  internal-combustion  engines. 
Apr.  7,  1908.    Poppe.    Spray  carburetor. 
May  5,  1908.    Marr.    Carburetor. 
May  5,  1908.    Marr.    Carburetor. 

June  2, 1908.    Schneble.    Carburetor  for  internal-combustion  engines. 
June  2.  1908.    Thomas.    Carburetor. 
June  9,  1908.    Maak  &  Munzert.    Carburetor. 
July  31,  1908.    Wlllard.    Carburetor. 
Sept  8,  1908.    Heitger.    Carburetor. 
Oct.  6.  1908.    Heitger.    Carburetor. 
Dec.  22.  1908.    Perry.    Carburetor 
Dec.  29.  1908.    Helneking.    Carburetor. 
Jan.  5.  1909.    Fosnot.    Carburetor  for  explosive  engines;, 
Jan.  19,  1909.    Stevenson.    Carburetor. 
Feb.  2,  1909.    Otis.    Carburetor. 
Feb.  2,  1909.    Weiland.    Carburetor. 
Feb.  23.  1909.    Breese.    Carburetor. 
Mar.  16, 1900.    Young.    Carburetor. 

May  4,  1909.    White.    Carburetor  for  internal-combustion  engines. 
June  15,  1909.    Knlckerboxer.    Carburetor. 
June  22,  1909.    Warren.    Carburetor. 
July  20,  1909.    Wlnton.    Carburetor. 
Aug.  10, 1900.    Boore.    Carburetor. 
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82,360. 

35,883. 

86.118. 

86,337. 

87,536. 

15,167. 

17,712. 

50,278. 

S4,488. 

S4,6S0. 

55,292. 

57,976. 

58,128. 

58,897. 

00,601. 

60,697. 

63,187. 

67,407. 

178,855. 

rr6,322. 

)76,344. 

)76,409. 

yr6,692. 

yr6.8i8. 
m,83i. 

^668. 
983,247. 
988,541. 


985,431. 

985,999. 

988,638. 

988,800. 

93.065. 

998.097. 

968,457. 

1,000,451. 

1,000,518. 

002,458. 

1,002,646. 

1,005,491. 

1,006,088. 

1,007,729. 

1,011,565. 

1,012,781. 

1,013,708. 

^,014,188. 

,016,251. 

)17.186. 

,019,209. 

020,198. 

020,931. 

023,470. 

026,491. 

027,459. 

028,728. 

029,796. 


Aug.  24.  1909.    Watt.    Carburetor. 

Oct  5.  1909.    Bassford.    Carburetor. 

Oct  6,  1909.    Glover.    Carburetor. 

Oct  12,  1909.    Maybach.    Carburetor. 

Oct  19,  1909.    Knight    Carburetor. 
Jan.  10,  1910.    HoUey.    Carburetor. 
Jan.  25,  1910.    Hendricks.    Carburetor. 
Feb.  22,  1910.    Basey.    Carburetor. 
Apr.  12,  1910.    Wolf.    Carburetor. 
Apr.  12.  1910.    Howarth.    Carburetor. 
Apr.  10,  1910.    Sickles.    Carburetor. 
May  17.  1910.    Lucas.    Atomizer  and  the  like. 
May  17,  1910.    Howarth.    Carburetor. 
May  24,  1910.    Snedeker.    Carburetor. 
June  7,  1910.    Stewart    Carburetor. 
June  7,  1910.    Pleln.    Carburetor. 
July  5,  1910.    Tuerk.    Carburetor. 

Aug.  16,  1910.    Mayer.    Carburetor  for  explosive  engines. 
Oct  25.  1910.    Cannon.    Carburetor. 
Nov.  22,  1910.    Walters.    Carburetor. 
Nov.  22,  1910.    Chrlstofferson  et  al.    Carburetor. 
$Jov.  22,  1910.    Stickler.    Vaporizer  or  carburetor. 
Nov.  22.  1910.    Heichenbach.    Carburetor. 
Nov.  22,  1910.    Kreis.    Carburetor. 
Dec  6,  1910.    Page.    Carburetor. 
Jan.  8,  1911.    Paull.    Carburetor. 
Jan.  31,  1911.    Miller.    Carburetor. 
Feb.  7,  1911.    Dawson.    Carburetor. 
Feb.  7,  1911.    Plein.    Carburetor. 
Feb.  28,  1911.    McHardy  &  Potter.    Carburetor. 
Mar.  7,  1911.    Harris.    Carburetor. 
Apr.  4,  1911.    Harris.    Carburetor. 
Apr.  4,  1911.    McHardy  &  Potter.    Carburetor. 
May  23,  1911.    Herschberger.    Carburetor. 
May  23,  1911.    Noyes.    Anterior-throttles  carburetor. 
July  18,  1911.    Bingham.    Carburetor. 
Aug.  15,  1911.    Stevenson.    Carburetor. 


Carburetor. 

Carburetor. 
Carburetor. 
Wiland.    Carburetor. 
Hippisley.    Carburetor. 
Poppe.    Carburetor  for  internal-combustion  engines. 
Brock.    Carburetor. 
Winters.    Carburetor. 
Weiland.    Carburetor. 
Voorhees.    Carburetor. 
Dayton.    Carburetor. 
Stewart    Carburetor. 
Welsh.    Carburetor. 

Hamill.    Carburetor  for  internal-combustion  engines. 
Smith.    Carburetor. 
Hill  &  Underwood.    Carburetor. 
Browning.    Carburetor. 
Barnard.    Carburetor. 
Hezinger.    Carburetor. 

Dawson.    Apparatus  for  producing  an  explosive  or 
combustible  mixture  of  liquid  fuel  and  air. 
031.147.    July  2,  1912.    Plumm.    Spray  carburetor. 
July  30,  1912.    Gentle.    Carburetor. 
Miller.    Carburetor. 

Noyes.    Automatic  regulation  for  carburetors. 
Raymond.    Carburetor. 
Warren,    dtrburetor. 
Martin.    Carburetor. 
Brown.    Carburetor. 


Aug.  15,  1911.    Harris. 
Sept.  5,  1911.    Sekowsky. 

Sept  5,  1911.    Conrad. 

Oct.  10.  1911. 

Oct  17,  1911. 

Nov.  7,  1911. 

Dec  12,  1911. 

Dec  26.  1911. 

Jan.  2.  1912. 

Jan.  9.  1912. 

Feb.  6.  1912. 
Feb.  13,  1912. 

Mar.  5.  1912. 

Mar.  12. 1912. 

Mar.  19,  1912. 

Apr.  16,  1912. 

May  14,  1912. 

May  28.  1912. 

June  4,  1912. 

June  18,  1912. 


033,886. 
,036,301. 
,037,888. 
,037.884. 
,038,804. 
^038,921. 
,042,077. 


Aug.  20,  1912. 
Sept  3,  1912. 
Sept.  8,  1912. 
Sept  12,  1912. 
Sept  17,  1912. 
Oct  22,  1912. 
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*l,042,60e.  Oct  29,  1912.    Roth.    Carburetor. 

♦1,042.528.  Oct  29,  1912.    Brown.    Carburetor. 

♦1,043,077.  Nov.  5,  1912.    Dock.    Carburetor. 

♦1,044,754.  Nov.  19,  1912.    Coulter.    Carburetor. 

♦1,045,251.  Nov.  26,  1912.    Bourne.    Carburetor. 

♦1,045.618.  Nov.  26,  1912.    Roth.    Carburetor. 

♦1,049,088.  Dec.  81.  1912.     Barstow  &  Bradford.     Carburetor  for  internal- 
combustion  engines. 

♦1.052.051.  Feb.  4,  1913.    Grimes.    Carburetor. 

♦1,052,897.  Feb.  4,  1918.    Wingfleld.    Carburetor  for  petrol  motors. 

♦1,053,186.  Feb.  11,  1913.    Daellenbach.    Carburetor. 

♦1,055,042.  Mar.  4,  1913.    Hlggins.    Carburetor. 

♦1,057,506.  Apr.  1, 1913.    Stevens.    Carburetor  for  internal-combustion  engines. 

♦1,061,995.  May  20,  1918.    Erickson.    Carburetor. 

♦1,064,627.  June  10,  1913.    Ensign.    Vaporizer. 

♦1,064,628.  June  10,  1918.    Ensign.    Carburetor. 

1,064,866.  June  17,  19ia    Stewart.    Throttle  for  carburetors. 

♦1,065,067.  June  17,  1913.    Naczek.     Carburetor. 

♦1,065.462.  June  24,  1918.    Miller.    Carburetor. 

♦1,065,508.  June  24,  1918.    Byrom.    Carburetor. 

♦1,066,608.  July  8,  1918.    Harris.    Carburetor. 

♦1,067,449.  July  15,  1918.    Steward.    Carburetor. 

♦1.072.876.  Sept  2,  1918.    Alden.    Carburetor. 

♦1.072.492.  Sept  9,  19ia    Plerson.    Carburetor. 

♦1.072,565.  Sept  9,  1918.    Brftutigam.    Carburetor. 

♦1,074.625.  Oct.  7.  1918.    Johnson  et  al.    Carburetor. 

♦1,081,208.  Dec.  9,  19ia    Bull.    Carburetor. 

1.081,258.  Dec.  9.  1918.    TJlrich  &  Rahr.    Carburetor. 

♦1.082,466.  Dec.  28,  1913.    Lucas.    Carburetor  for  internal-combustion  engines. 

♦1,085,003.  Jan.  20,  1914.    Austin.    Carburetor. 

♦1,086,226.  Feb.  3,  1914.    Sassano.    Carburetor. 

♦1,086,594.  Feb.  10,  1914.    Goldberg.    Carburetor. 

♦1,088,181.  Feb.  24,  1914.    Raymond.    Carburetor. 

♦1,088,664.  Feb.  24,  1914.    Lamb.    Vaporizer  for  internal-combustion  engines. 

♦1.088,974,  Mar.  3,  1914.    Drysdale.    Carburetor. 

♦1,090,209.  Mar.  17,  1914.    Heltger.    Carburetor. 

♦1,091,426.  Mar.  24,  1914.    Davis.    Carburetor. 

♦1,092,958.  Apr.  14,  1914.    Sanborn.    Carburetor. 

♦1,095,101.  Apr.  28,  1914.    Gardner.    Carburetor. 

♦1,095,510.  May  5,  1914.    Miller.    Carburetor. 

♦1,096.482.  May  12,  1914.    Winton.    Carburetor. 

♦1.096.626.  May  12,  1914.    Heftier.    Carburetor. 

♦1,097,165.  May  19,  1914.    Bucherer.    Spray  carburetor. 

♦1,097,401.  May  19,  1914.  '  Donndorf.    Jet  carburetor. 

♦1,101,786.  June  80,  1914.    GiUet    Carburetor. 

♦1,108.178.  July  14,   1914.    Eiker.    Carburetor. 

♦1.103.802.  July  14,  1914.    Melssner.    Carburetor. 

♦1,103,864.  July  14,  1914.    Howarth.    Carburetor. 

♦1,105,200.  July  28,  1914.    Brown.    Carburetor. 

♦1,106,258.  Aug.  4,  1914.    Tucker  &  Wilding.    Carburetor. 

♦1,107,698.  Aug.  18,  1914.    Norton.    Carburetor. 

♦1,107.718.  Aug.  18.  1914.    Shakespeare  &  Schmidt    Carburetor. 

♦1,108,727.  Aug.  25,  1914.    Ensign.    Vaporizer. 

♦1.111,763.  Sept   29,   1914.    Rogers.    Carburetor. 

♦1,118,221.  Oct.  18,  1914.    Krause.    Carburetor. 

♦1,118,533.  Oct.  18,  1914.    Barrett.    Carburetor. 

♦1,116,028.  Nov.  8,  1914.    Crawford.    Carburetor. 

♦1,116,581.  Nov.  10,  1914.    Foulds.    Carburetor. 

♦1,116,986.  Nov.  10,  1914.    Bull.    Carburetor  for  internal-combustion  engines. 

♦1,118,459.  Nov.  24,  1914.    Winkler.    Self-leveling  carburetor. 

♦1,118,917.  Dec.  1,  1914.    Bucker.    Carburetor. 

♦1,118,919.  Dec.  1,  1914.    Cauda.    Carburetor. 

♦1,119,181.  Dec.  1,  1914.    Leduc.    Carburetor. 

•1,119,821.  Dec.  8,  1914.    Gilliland  &  Sharpneck.    Carburetor. 

♦1,120,763.  Dec.  15,  1914.    Thomas.    Carburetor. 

♦1,120,845.  Dec.  15,  1914.    Parkin.    Carburetor. 

♦1.121,680.  Dec.  22,  1914.    Holley.    Carburetor. 
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♦1,123.027. 

•1,123.«56. 

♦1.124.d49. 

♦1,125388. 

♦1,125,889. 

♦1,125340. 

♦1,126,127. 

1,127.286. 

♦1,120,108. 

♦1,129.129. 

♦1,130,981, 

♦1.181,812. 

♦1,182,814. 

♦1.138,754. 

♦1.184,021. 

♦1,184365. 

♦1.185,046. 

♦1,135,315. 

♦1.185.644. 

♦1,135,729. 

♦1,137,288. 

♦1,137.307. 

♦1,139,851. 

♦1,140,071. 

♦1,140,232. 

♦1,140,721. 

♦1,140.722. 

♦1,142,768. 

♦1,148,227. 

♦1,143,511. 

♦1,148,883. 

♦1,148,898. 

♦1,149,085. 

♦1,149,748. 


Dec.  29,  1914.    SimoDflon.    Carburetor. 
Jan.  5,  1915.    Tlce.    Carburetor. 
Jan.  12,  1915.    Raymond.    Carburetor. 
Keizer.    Carburetor. 
Keizer.    Carburetor. 
Keizer.    Carburetor. 
Swan.    Carburetor. 
Carburetor. 
Carburetor  for  explosiye  englnei. 


Jan.  19,  1915. 
Jan.  19,  1915 
Jan.  19,  1915. 
Jan.  26,  1915. 
Feb.  2,  1915.  Russell 
Feb.  28,  1915.    Keller. 


Feb.  28,  1915. 
Mar.  9,  1915. 
MSLT.  9,  1915. 
Mar.  16,  1915.    Eiker. 
Biar.  80,  1915.    Shortt 
Mar.  80,  1915.    Sohon. 
Apr.  6,  1915.    Barnes. 
Apr.  18,  1915. 
Apr.  18,  1915. 
Apr.  18,  1915. 
Apr,  18,  1915. 
Apr.  27,  1915. 
Apr,  27,  1915, 
May  18,  1915. 
May  18,  1915. 
May  18,  1915. 
May  25.  1915. 
May  25,  1915. 
June  8,  1915. 


June  15.  1915. 

June  15.  1915. 

July  27,  1915. 

Aug.  3,  1915. 

Aug.  8,  1915. 

Aug.  10,  1915. 
carburetor. 
♦1,160,782.    Aug.  17,  1915. 
♦1,151,160.    Aug.  24.  1916. 
♦1,151,286.    Aug.  24.  1915. 
♦1,158,891.    Sept.  21,  1915. 
♦1,151,578.    Aug.  81,  1915. 
♦1,153.999.    Sept.  21,  1915. 
♦1,157.868.    Oct.  19,  1915. 
♦1,157,607.    Oct.  19.  1915. 
♦1,157,541.    Oct  19,  1915. 
♦1.160,662.    Nov.  16,  1915. 
♦1,161,487.    Nov.  28,  1915. 
♦1,162,111.    Nov.  30,  1915. 
♦1,162,576.    Nov.  30,  1915. 
♦1,163.581.    Dec.  7,  1915. 
♦1,168.749.    Dec.  14,  1915. 
♦1,165,087.    Dec.  21,  1915. 
♦1,166,224.    Dec.  21,  1915. 
♦1,169,488.    Jan.  25,  1916. 
♦1,171,235.    Feb.  8,  1916. 
♦1,178,378.    Feb.  29,  1916. 
♦1,173,762.    Feb.  29,  1916. 
♦1,174,529.    Mar.  7.  1916. 
♦1,177,896.    Mar.  28, 1916. 
♦1.178,127.    Apr.  4,  19ia 
♦1,178.296.    Apr.  4,  1916. 
♦1.179,663.    Apr.  18.  1916. 
♦1,180,989.    Apr.  25,  1916. 
♦1,181,514.    May  2,  1916. 
♦1,183,125.    May  16,  19ia 
♦1,184,541.    May  28,  1916. 
♦1,184,873.    May  80,  1916. 
♦1084,888.    Bfay  30,  1916. 


Shakespeare  &  Schmidt    Carburetor. 
Kingston.    Carburetor. 
Beamer  &  Duffy.    Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Ottaway.    Carburetor, 
Odell.    Carburetor. 
Norton.    Carburetor. 
Schoof.    Carburetor. 
Sherman.    Carburetor. 
Edens.    Carburetor. 
Dayton.    Carburetor. 
Rothe.    Carburetor. 
Allen.    Carburetor. 
Stamps.    Carburetor. 
Stamps.    Carburetor. 
Perry.    Carburetor. 


Prescott.    Carburetor. 

Cox.    Carburetor. 

Payne.  Carburetor. 
Henley.  Carburetor. 
Dou6.    Carburetor. 

England.    Thermostatic  control  for  the  valve  of  a 

Lucas.    Carburetor  for  internal-combustion  engines. 

Brown.    Carburetor. 

Rowell.    Carburetor, 
Breath.    Carburetor. 

Entz.    Carburetor. 
Carpenter.    Carburetor. 

Blomquist    Carburetor. 

Cern^.    Carburetor. 

Huskisson.    Carburetor. 

Slaby.    Carburetor. 

Beamer  &  Duffy.    Carburetor. 

Simpson.    Carburetor. 

Daimler  &  Slaby.    Throttle  valve  for  carburetors. 
Alley.    Carburetor. 

Gl.  Gallagher.    Carburetor. 

Fulton.    Carburetor. 

Cadett.    Carburetor. 

Henley.  Carburetor. 
Olsen.    Carburetor. 

Payton.    Carburetor. 

Arquembourg.    Carburetor, 
Sykes.    Carburetor. 

Dickie.  Carburetor. 
Bricken.  Carburetor. 
CahiU.    Carburetor. 

Shakespeare  &  Schmid.    Carburetor. 

Ostenberg.    Carburetor. 
Eynon.    Carburetor. 

Shakespeare  &  Schmid.    Carburetor, 

Kustel.    Carburetor. 

Raymond.    Carburetor. 

Stevens.    Carburetor, 


Digitized  by 


Google 


104 


AEBOKAXJTICS, 


•1,184,889. 

•1,185,574. 

1,186,976. 

1,186,588. 

1,187,945. 

•1,190,715. 

•1,192,213. 


May  30,  1916. 

May  30,  1916. 
June  13,  19ia 
June  13,  1916. 
June  20,  1916. 

July  11,  1916. 

July  25,  19ia 


Stevens.    Carburetor. 
Allen.    Carburetor. 
Dugrey.    Carburetor. 
Lemon.    Carburetor. 
Briggle.    Carburetor. 
Bottome.    Carburetor. 
Lamb.    Carburetor. 


Cross-reference  patents,  class  ^8,  suf)class  155 J. 


62,856 
726,986 
733,625 
973,877 
978,076 
979,700 
984,032 
984,109 
985,670 
986,572 
995,976 
1,001,950 
1,001,969 


741,810 
747,235 
760,678 
1,005,300 
1,006,411 
1,007,659 
1,008,155 
1,011,960 
1,018.164 
1,018,776 
1,029,897 
1,033,443 
1,088,262 


807,479 
862,574 
891,322 
1,038,699 
1,040,414 
1.040,619 
1,041,099 
1,043,342 
1,046,141 
1,048,518 
1,062,688 
1,065,948 
1,073,179 


907,128 
909,490 
915.684 
1,073,473 
1,078,582 
1,08^,028 
1,089,089 
1,097,089 
1,099.086 
l,ia5,003 
1.106,226 
1,106,935 
1,110,453 


954,905 
959,066 

1,120,128 
1,124,697 
1.131,371 
1,134.366 
1,141,570 
1,144,206 
1,145,476 
1,148,485 
1,149,908 
1,150,115 


964,657 
966,881 

1,151,989 
1,152,173 
1,153,436 
1,153,487 
1,155,457 
1,157.116 
1,159,423 
1,163,223 
1,165,914 
1,166,595 


968,215 
971,862 

1,166,734 
1.167,457 
1,169,340 
1,169,592 
1,170,416 
1.171,074 
1.176,267 


SITBCLASS  156.2,  CABBUBETOBS,  AT0MIZEB8,  CONSTANT  LEVEL,  AUTOMATIC  DILUTION. 


•656,197.  Aug.  21.  1900. 

•654,841.  Jan.  1,  1901. 

•667,910.  Feb.  12.  1901. 

plosive  engines. 

•713,146.  Nov.  11,  3902. 

•744,257.  Nov.  17,  1903. 

•774,079.  Nov.  1,  1904. 

engines. 

•783,902.  Feb.  28,  1905. 

♦785,558.  Mar.  21,  1905. 

•785,622.  Mar.  21,  1905. 

•790,173.  May  16.  1905. 

•791,447.  June  6,  1905. 

•792.628.  June  20,  1905. 

•796,723.  Aug.  8,  1905. 

•799.791.  Sept.  19,  1905, 

•800,647.  Oct.  3.  1905. 
•802,2ia  •  Oct.  17.  1905. 

•806,830.  Dec.  12, 1905. 

•810,792.  Jan.  23.  1906. 

•813,653.  Feb.  27,  1906. 

•820,583.  May  15,  1906. 

•822,681.  June  5,  1906. 

•831.547.  Sept  25.  1906. 

•831,832.  Sept  25,  1906. 

•835,564.  Nov.  13.  1906. 

•835,880.  Nov.  13,  1906. 

•838,085.  Dec  11, 1906. 

•840,204.  Jan.  1,  1907. 

•844,894.  Feb.  19,  1907. 

•848.170.  Mar.  26,  1907. 

•850.339.  Apr.  16. 1907. 

•855.170.  May  28.  1907. 

•855,574.  June  4.  1907. 

•856,958.  June  11,  1907. 

•857,275.  June  18,  1907, 
860,522.     July  16,  19$7. 

•860.848.  July  28.  1907. 

•860,908.  July  23, 1907. 

•861,438.  July  30,  1907. 

•864,687.  Aug.  27,  1907. 


Lumi^re.    Carburetor  for  petroleum  or  other  engines. 
Duryea.    Mixer  for  explosive  engines. 
Hatcher  &  Packard.    Mixer  and  vaporizer  for  ex* 

Power.    Vaporizing  carburetor. 
Sturtevant.     Carburetor  for  explosion  engines. 
Jager.    Vaporizing  carburetor  for  internal-combustion 

Shipman.    Carburetor  for  explosive  engines. 

Krebs.    Oil  engine. 

Longuemare.    Carburetor  for  hydrocarbon  engines. 

Biehn.    Carburetor  for  explosive  enginea 

Breath.    Atomizer  for  internal-combustion  engines. 

Sturtevant    Carburetor  for  gas  engines. 
Hewitt    Carburetor. 

.    Hitchcock.    Vaporizer  for  hydrocarbon  engines. 
Hatcher.    Carburetor. 

Johnston.    Carburetor  for  hydrocarbon  engines. 
Packard.   Mixer  and  vaporizer  for  hydrocarbon  engines. 

Mcintosh.    Carburetor. 

Law.    Carburetor. 

Longuemare.    Carburetor  for  hydrocarbon  engines. 
Middleton.    Carburetor  for  gasoline  engines. 

Dunlop.    Carburetor  for  explosive  engines. 

Coffin.    Carburetor  for  hydrocarbon  engines. 

Shain.    Vaporizer  or  carburetor. 

Clement    Carburetor. 

Cook.    Carburetor  for  explosive  engines. 
Franquist    Carburetor. 

Renault    Carburetor. 

Hedstrom.    Carburetor. 

Bowers.    Carburetor  for  gasoline  engines. 

Gray.    Carburetor. 
Henabray.    Carburetor. 

Huber.    Carburetor  for  hydrocarbon  engines. 

Gaither.    Carburetor. 
Brown.    Carburetor. 

Bowers.    Carburetor. 

Enrico.    Carburetor  for  oil  engines. 

Cushman.    Carburetor. 

Raddiffe.    Vaporiser. 
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^865,589. 

♦868,261. 

♦868.265. 

♦869,675. 

♦870,052. 

♦875,716. 

♦876^7. 

877,136. 

♦878.411. 

♦882,023. 

♦886.265, 

♦886,760. 


Sept  10.  1007, 

Oct  15,  1907. 

Oct.  15, 1907. 

Oct  29,  1907. 

Nov.  5.  1907. 

Jan.  7.  1908. 

Jan.  7.  1908. 
Jan.  21,  1908. 

Feb.  4,  1908. 

Mar.  17. 1908. 

Apr.  28.  1908. 

May  5.  1908. 
tion  engines. 
♦888,487.    May  26,  190a 
♦888,965.    May  26,  190& 


Stewart.    Carburetor. 

BoUte.    Carburetor. 
Hartford.    Carburetor  for  intemal-oombustlon  engines. 

Winton.    Gasoline  carburetor. 

Schebler.    Carburetor. 

Longuemare.    Carburetor  for  ezploslve  engines. 

Williams.    Carburetor. 

Stewart    Carburetor. 

Winton.    Carburetor  for  internal-combustion  engines. 

Shain.    Vaporizer  or  carburetor  for  gas  engines. 

Speed.    Rapid-fire  carburetor. 
Brush.    Carbureting  mechanism  for  intomal-combus- 


Greuter.    Carburetor. 
Delaunay-Bellevllle.    Automatic  carburetor  for  ex- 


plosive motors. 
♦890,494.    June  9,  1908.    Byron.    Carburetor. 

Aug.  18,  1908.    Longuemare.    Air  Inlet  for  carburetor. 
Sept  22,  1908.    Heitger.    Carburetor. 
Oct  13,  1908.    Heitger.    Carburetor. 

Hedstrom.    Carburetor. 
Abel.    Carburetor. 
Andrew.    Carburetor. 
Daley.    Carburetor  for  internal-combustion  engines. 

Cartwright.    Carburetor  for  explosive  engines. 
Stewart    Controller  for  carburetors. 
Pfdnder.    Automatically  governed  carburetor. 
Kaley.    Carburetor. 
Stewart    Carburetor. 
Winton  &  Anderson.    Carburetor. 
Winton  &  Anderson.    Carburetor. 
Perry.    Carburetor. 
Harrington,    Carburetor. 
Goldberg.    Carburetor. 
Stevens.    Carburetor, 
Rinke.    Carburetor. 
Grouvelle  &  Arquembourg.    Carburetor  for  Intemal- 


♦896,559. 

♦899,109. 

♦900,731. 

♦910.379. 

♦911,106. 

♦911,692. 

♦912,083. 

♦916,103. 

916,214. 

♦920,642. 

♦921,410. 

♦924,200. 

♦925,973. 

♦926,533. 

♦926,598. 

♦927,529. 

♦928,042. 

♦929,260. 

♦929,327. 

♦932.860. 


Jan.  19.  1909. 

Feb.  8,  1909. 

Feb.  9.  1909. 

Feb.  9,  1909. 

Mar.  23,  1909. 
Mar.  23.  1909. 

May  4,  1909. 

May  11,  1909. 

June  8,  1909. 

June  22,  1909. 

June  29,  1909. 

June  29,  1909. 

July  14,  1909.. 

July  13,  1909. 

July  27,  1909. 

July  27,  1909. 

Aug.  31,  1909. 
combustion  engines. 
938,894.     Nov.  2,  1909. 

Dec.  14,  1909. 

Dec.  14.   1909. 

Dec.  14,  1909. 

Dec.  21,  1909. 

May  3,  1910. 

May  31,  1910. 
May  31, 1910. 
forming  devices. 
♦961,590.    June  14, 1910. 

Aug.  80,  1910. 

Sept  20,  1910. 

Oct  4,  1910. 

Oct  18,  1910. 

Oct  25.  1910. 

Oct  25.  1910. 

Nov.  22,  1910. 

Nov.  29.  1910. 
buretors. 
♦981,156.    Jan.  10. 1911. 
♦984,276.    Feb.  14,  1911. 
♦985,670.    Feb.  28.  1911. 
♦989,697.    Apr.  18,  1911. 
♦992,260.    May  16.  1911. 
♦995,919.    June  20.  1911. 
♦995,97a    June  20.  1911. 
♦996,897.    July  4,  1911. 
♦996,981.    July  4.  1911. 
♦997,169.    July  4,  1911. 


♦942,977, 
♦943,197. 
♦943,242. 
♦944,048. 
♦966,882. 
♦960,080. 
960.084, 


♦968,597. 
♦970,916. 
♦971,689. 
♦973,056. 
♦973,755. 
♦973.877. 
♦976,558. 
♦977,377. 


Rapp.    Carburetor, 

Simonson.    Carburetor. 

Miller.    Carburetor. 
Fergusson  &  Sheppy.    Carburetor. 
Price.    Carburetor. 
Bright    Carburetor. 
Fay  &  Ellsworth,    Carburetor. 
Frledenwald  & .    Auxiliary  air  valve  for  charge- 
England.    Valve  for  carburetors  and  other  apparatus. 

Parkin.    Carburetor. 

Gerken.    Carburetor  for  gas  engines.  » 

Schebler.    Carburetor. 
Mader.    Carburetor  valve. 

Carter.    Carburetor. 

Pierce.    Carburetor. 

Dayton.    Air-controlling  mechanism  for  carburetors. 

Donnelly  et  al.    Triple  auxiliary  air  valve  for  car- 
Barker.    Carburetor. 
Kelly.    Carburetor. 
Grouvelle  et  al.    Carburetor. 

Cutler.    Carburetor. 

Rush.    Vaporizer  and  separator. 

Smith.    Carburetor. 

Maud.    Carburetor, 
Swarts,    Carburetor. 
Folberth.    Carburetor. 
Winton  &  Anderson.    Carburetor. 
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^097,238.    July  4,  1911.    Bowers.    Carburetor. 
•1,000,054.    Aug.  8,  1911.    UlriclL,    Carburetor. 
*1,001,909.    Aug.  29,  1911.    Maynard.    Carburetor. 
«1,003,994.    Sept  29,  1911.    Deunls.    Carburetor. 
1,004,031.    Sept  29,  1911.    Tver.    Force-feed  carburetor* 
•1,055,300.    Oct  10,  1911.    Pierce.    Carburetor. 

Ckrt  17,  1911.    Ter  Weer.    Carburetor. 

Oct  24,  1911.    Kugler.    Carburetor. 

Dec.  5,  1911.    Zlsch.    Carburetor. 

Dec.  26,  1911.    Symmonds.    Carburetor. 

Feb.  20,  1912.    Nageborn.    Carburetor. 

Feb.  20,  1912.    Chapin.    Carburetor. 

Feb.  27,  1912.    Kerr.    Carburetor. 

Feb.  27,  1913.    Plein.    Carburetor. 

Mar.  5, 1912.    Bulock.    Carburetor. 


♦1,006,033. 
•1,006,663. 
•1.010,714. 
•1,013,082. 
•1,018,126. 
•1.018,164. 
•1,018,766. 
•1,018,776. 
♦1,019,128. 
•1,019,160. 
♦1,020,069. 
♦1,022326. 
•1.035,937. 
•1,038,050. 
•1.038,262. 
•1,038,699. 
•1,041,099. 
♦1,041,480. 
•1,042,004. 
•1,042,982. 
•1,043,692. 
•1,044,245. 
•1,044,569. 
•1,044,576. 
•1,044,594. 
•1,046,344. 
•1,052,897. 
♦1,052,917. 
•1.053,145. 
•1,055,352. 
•1,059368. 
•1.062,273. 
•1.062,688. 
•1,064.446. 
•1,067,502. 
•1.069,671. 
•1.071,858. 
•1,073,473. 
•1,073,695. 
•1,076,827. 
•1,078,169. 
•1,080,166. 
•1,080,645. 
•1,086,287. 
•1,089,463. 
•1,090,556, 


Mar.  5,  1912.    Ivor.    Carburetor. 
Mar.  12,  1912.    Schulz.    Carburetor. 
Apr.  2,  1912.    Namur.    Carburetor. 
Aug.  20,  1912.    Anderson.    Carburetor. 
Wills.    Carburetor. 
Anstice.    Carburetor. 
Wilkinson.    Carburetor. 
Kerns.    Carburetor. 
Kaley.    Carburetor. 
Ivor.    Carburetor. 
Sliger.    Carburetor. 
Grath.    Carburetor. 
Reedy.    Carburetor. 
Perrin.    Carburetor. 
Russell.    Carburetor. 
Stroud. 
Stewart. 
Dayton. 
Heitger. 


Sept  10,  1912. 
Sept  10,  1912. 
Sept  17,  1912. 
Oct.  15,  1912. 
Oct.  15,  1912. 
Oct  22,  1912. 
Oct.  29,  1912. 
Nov.  5,  1912. 
Nov.  12,  1912. 
Nov.  18,  1912. 
Nov.  19,  1912. 
Nov.  19,  1912. 
Dec.  3,  1912. 
Feb.  11,  1913. 
Feb.  11,  1913. 
Feb.  18,  1913. 
Mar.  11,  1913. 
Apr.  22,  1918. 
May  20,  19ia 
May  27,  1913. 
June  10,  1913. 
July  15,  1913. 
Aug.  12,  1913. 
Sept  2,  1913. 
Sept  16,  1913. 
Sept  23,  1913. 
Oct  28,  1913. 
Nov.  11,  1913. 
Dec.  2,  1913. 
Dec.  9,  1913. 
Feb.  3,  1914. 
Mar.  10,  1914. 
Mar.  17,  1914. 


tion  engines. 

•1,092,282.  Apr.  7,  1914.    Mixsell.    Carburetor. 

•1,093,627.  Apr.  21,  1914.    Johnson.    Carburetor. 

•1,003,901.  Apr.  21,  1914.    Wyman.    Carburetor. 

•1,095,212.  May  6,  1914.    Johnson.    Carburetor. 

•1,095,326.  May  5,  1914.    HulT.    Carburetor. 

•1,096,569.  May  12,  1914.    Sharpneck.    Carburetor. 

•1,099,714.  June  9,  1914.    Munden.    Carburetor. 

•1,104,976.  July  28,  1914.    Felske.    Carburetor. 

•1,105,134.  July  28,  1914.    Hanemann.    Carburetor. 

•1,106,145.  Aug.  4,  1914.    Hazelton.    Carburetor. 

•1,106.226.  Aug.  4,  1914.    Lamb.    Carburetor. 

•1,106,802.  Aug.  11,  1914.    Goldberg.    Carburetor. 

♦1,107,693.  Aug.  18,  1914.    Molina.    Carburetor. 

♦1,107349.  Aug.  18,  1914.    Schoen.    Carburetor. 


Carburetor. 
Carburetor. 
Carburetor. 
Carburetor. 
Ball.    Carburetor. 
Pembroke.    Carburetor. 
Johnson.    Carburetor. 
Conklin.    Carburetors. 
Bastian.    Carburetors. 
Comstock.    Carburetor. 
Browne.    Carburetor. 
Brush.    Carburetor. 
Ball.    Carburetor. 
Claudel.    Carburetor. 
Marr.    Carburetor. 
Haynes.    Carburetor. 
Schreiber.    Carburetor. 
Pribil.    Carburetor. 
Mayer.    Carburetor. 
Gehrmann.    Carburetor. 
Mayer.    Carburetor. 
M^gevit  &  Picker.    Carburetor  for  intemal-combuS' 
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[00,856. 

[10,041. 

10,482. 

[13,533. 

[15,543. 

16,673. 

19,078. 

19,757. 

20,303. 

22,57Z 

24,918. 

26,218. 

27,992. 

29,864. 

ol,0o4. 

34,531. 
34,532. 
41.086. 
45,138. 
48,461. 
56.149. 
59,423. 
66,595. 
67,320. 
71,401. 
72,388. 
72,432. 
76,729. 
77,318. 
79,386. 
80,37». 


83,137. 
8,166. 
8,584. 
85,278. 


Sept  1,  1914. 
Sept.  8.  1914. 
Sept  15,  1914. 
Oct.  13,1914. 
Nov.  8,  1914. 
Nov.  10.  1914. 
Dec.  1,  1914. 
Dec.  1, 1914. 
Dec.  8. 1914. 
Dec.  29.  1914. 
Jan.  12,  1915. 
Jan.  26,  1915. 
Feb.  9,  1915. 
Mar.  2.  1915. 
Mar.  9.  1915. 
Apr.  6,  1915. 
Apr.  6.  1915. 
May  25.  1915. 
July  6,  1915. 
July  27.  1915. 
Oct  12,  1915. 
Nov.  9.  1915. 
Jan.  4. 1916. 
Jan.  4,  1916. 
Feb.  8.  1916. 
Feb.  22,  1916. 
Feb.  22.  1916. 
Mar.  21.  1916. 
Mar.  28,  1916. 
Apr.  18,  1916. 
Apr.  25,  1916. 
Apr.  25,  1916. 
May  16,  1916. 


Mycue.  Carburetor. 
Christian.    Carburetor. 

Collier.  Carburetor. 
Barrett.  Carburetor. 
Huguelet    Carburetor. 

De  Clairmont.    Air-valve  control  for  carburetors. 
Goldberg.    Carburetor. 
Kings.    Carburetor. 
Georgenson.    Carburetor. 

Blackert    Carburetor. 

Kraude.    Carburetor. 

Howe.    Carburetor. 
Hartshorn.    Carbureto.. 
Haas.    Carburetor. 
Wildy.    Spray  carburetor. 
Heitger.    Carburetor. 


Heitger.    Carburetor. 
Kent    Carburetor. 
Goldberg.    Carburetor. 
Russell.    Carburetor. 
Kingston.    Carburetor. 
Schulte.    Carburetor. 
Johnson.    Carburetor. 
Thomas.    Carburetor. 
Purcell.    Carburetor. 
Prescott    Carburetor. 
Clark.    Carburetor. 
Flechter.    Carburetor. 
Goldberg.    Carburetor. 
Anderson.    Carburetor. 
Dayton.    Carburetor. 
Friend.    Carburetor. 
Swarts.    Carburetor. 
June  6, 1916.    Bennett.    Carburetor. 
June  13,  1916.    Kingston.    Carburetor.      (Withdrawn.) 
May  80.  1916.    Atherton.    Carburetor. 
13,784  (orlg.  1,067,502).    Aug.  4,  1914.    Browne.    Carburetor. 
13,887  (orig.  1,042,982).    Dec.  1,  1914.    Sliger.    Ca4>uretor. 


Cross-reference  pfitentSy  class  48,  subclass  155.2. 


951,002 
955,956 
973,855 
976,344 
976,881 
979.555 
,066,508 
,067,623 
,069,389 
,073,727 
,076.309 
,077.256 
,078,418 
,078,590 


981,853 

982,297 

983,836 

985.122 

993,065 

1,001,847 

1,078,591 

1.078,592 

1.079,338 

1.080.696 

1,081.258 

1,084,028 

1.084,693 

1,064,954 


1,006,130 
1,009.121 
1.010.185 
1.010,003 
1.011,641 
1,011,960 
1,085.194 
1,085,239 
1,086.226 
1,087,187 
1,087,218 
1,095,402 
1.097.787 
1,103,864 


1.017.750 
1.020.270 
1,022,702 
1,022,703 
1,023,470 
1,027,768 
1.112,641 
1.114,222 
1,122,703 
1,120,573 
1,120,763 
1,125,525 
1.126.249 
1,128.773 


1,030,343 
1,033.443 
1,036,301 
1,036,536 
1,037,834 
1,040,528 
1,130,502 
1,132,934 
1,134,942 
1,135,270 
1,135,689 
1,136,368 
1.137,135 
1,137,727 


1,042,017 
1,044,314 
1,046,111 
1,046,141 
1,049.887 
1,051.440 
1,138,204 
1,139,914 
1,140,525 
1,141,796 
1,143,092 
1,145,172 
1,147,672 
1,149,291 


1,069,501 
1,061,995 
1,064,867 
1,065,831 


1,149,323 
1,152,134 
1,155,829 
1,156,823 
1,157,541 
1,158,436 


SUBCLASS   166,   CASBT7SET0BS,  CA^ILLABT. 


r4.    Nov.  6,  1866.    Stevens. 

ro.    Jan.  1,  1867.    Bassett 

air  carburetors. 

31.    Apr.  80,  1867. 

air. 

36.    June  25,  1867.    Bassett. 

74.    Sept.  8,  1868.    Bassett 

and  illuminating  gas. 


Improved  apparatus  for  carbureting  air. 
Improved  capillary  material  for  filling  gas  and 

Porter.    Improved  apparatus  for  carbureting  gas  and 

Improvement  in  gas  carburetors. 
Apparatus  for  the  manufocturing  of  heating 
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83,748.  Nov.  8,  1868.    Williams.    Improvement  In  charging  gases  with  vapors 

of  hydrocarbon  liquids. 

94,898.  Sept  14,  1869.    La  Fronge.    Improved  apparatus  for  carbureting  air. 

96,842.  Nov.  16,  1869.    Shaler.    Improved  apparatus  for  carbureting  air. 

108,432.  Oct  18,  1870.    Bartholf.    Improvement  in  apparatus  for  carbureting 

air  and  gases. 

109,148.  Nov.  8,  1870.    Spang.    Improvement  In  apparatus  for  carbureting  air. 

113,968.  Apr.  25, 1871.    Beers.    Improvement  in  apparatus  for  carbureting  air. 

116,563.  July  4,  1871.    Ck)ons.    Improvement  in  carburetors  for  gas  and  air. 

142,545.  Sept  2,  1871.    Lockwood.    Improvement  in  charburetors. 

148,579.  Mar.  17,  1874.    Sloper.    Improvement  in  apparatus  for  carbureting 

air  and  gas. 

156,513.  Nov.  3,  1874.    Venner  &  Judy.    Improvement  in  gas  carburetors. 

158,802.  Jan.  19,  1875.    Martin.    Improvement  in  gas  carbureting  machines. 

166.602.  Aug.  10,  1875.    Gearing.    Improvement  in  carbureting  apparatus. 

368,797.  Oct  11,  1875.    Snow.    Improvement  in  carburetors. 

169,034.  Oct  19,  1875.    Pollard.    Improvement  in  carburetors. 

169,872.  Nov.  9,  1875.    Werni.    Improvement  In  carbureting  apparatus. 

180,061.  July  18,  1876.    Pollard.    Improvement  In  carburetors. 

181,727.  Aug,  29,  1876.     Schmidt.     Improvement  in  carburetors. 

185,957.  Jan.  2,  1877.    Peacock  &  Bradley.    Improvement  in  carburetors. 

198,731.  Dec.  25,  1877.    Merritt.    Improvement  in  carburetors. 

203,505.  May  7,  1878.    Sloper.    Improvement  in  carburetors. 

203,702.  May  14,  1878.    Buell.    Improvement  in  apparatus  for  carbureting  air 

and  gas. 

207,983.  Sept.  10,  1878.    Held.    Improvement  in  carbureting  apparatus. 

209,076.  Oct  15,  1878.    Reznor.    Improvement  In  air  carburetors. 

209,351.  Oct.  29,  1878.    Merritt.    Improvement  In  purifier  and  regulator  for 

carburetors. 

210,019.  Nov.  19,  1878.    Dougherty.     Improvement  in  carburetors. 

211,744.  Jan.  28,  1879.    Keller.    Improvement  In  carburetors. 

213.931.  Apr.  1,  1879.     Pew,    Improvement  In  carbureting  apparatus  for  air 

and  gas. 

219,705.  Sept.  16,  1879.    Fleming.    Improvement  in  carburetors. 

220,001.  Sept  23,  1879.    Train.    Improvement  in  gas  carburetors. 

221,948.  Nov.  25,  1879.    Wayland.    Carburetor. 

234,955.  Nov.  30,  1880.    Burrows.    Carbureting  apparatus. 

236,159.  Jan.  4,  188>.    Howe  &  Miner.    Apparatus  for  carbureting  air. 

241,419.  May  10,  1881.     Reynolds.     Apparatus  for  obtaining  an  Illuminating 

and  heating  gas. 

246,601.  Sept.  6,  1881.    Copeland.    Carbureting  apparatus. 

247,390.  Sept.  80,  1881.    Morey.    Carburetor. 

251,416.  Dec.  27,  1881,    Crowell.    Carbureting  apparatus. 

253,202.  Feb.  7.  1882.    Haberstlck.    Carburetor. 

256,741.  Apr.  18,  1882.    Reynolds.    Gas-generating  apparatus. 

261,852.  Aug.  1,  1882.    Ives.    Means  for  producing  the  oxyhydrogen  blowpipe 

flame. 

292,622.  Jan.  29,  1884.    Billings.    Apparatus  for  producing  gas. 

304,507.  Sept  2,  1884.    Dlllenbeck.    Gas  machine. 

397,631.  Feb.  12,  1889.    Carsley.    Vaporizer. 

398,225.  Feb.  19,  1889.    Bury  &  Bldelman.    Carburetor. 

420,591.  Feb.  4,  1890.    Dawson.    Carburetor. 

450.091.  Apr.  7,  1891.    Woolley.    Vaporizer  for  gas  engines. 

476,709.  June  7,  1892.    Weaver.    Carburetor  and  purifier. 

486,442.  Nov.  22,  1892.    Enos.    Carburetor. 

493,992.  Mar.  21,  1893.    Fontaine.    Apparatus  for  carbureting  air. 

566,415.  Aug.  25,  1896.    Schroeder.    Carburetor. 

590,640.  Sept.  28,  1897.    Byrne.     Carburetor. 

620,586.  Mar.  7,  1899.    Henderson.    Carburetor. 

650,276.  May  22,  1900.    Robinson.    Carburetor. 

660,125.  Oct.  23,  1900.    Schlmdt.    Carburetor. 

663,699.  Dec.  11,  1900.    Latham.     Carburetor. 

669,317.  Mar.  5,  1901.    Brown.    Carburetor. 

709.866.  Sept  80,  1902.    Bouchaud-Pracelq.    Carburetor. 

716,716.  Dec.  23,  1902.    Jenney.    Gas  generator. 

720,485.  Feb.  10,  1903.    Robinson.    Carburetor. 

721,268.  Feb.  24,  1903.    Wolff.    Carburetor. 
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J,074. 

saoa 

^551. 
1.480. 
5,859. 
>.619. 
1988, 
J,397. 
>,336. 
).540. 
^028. 

U9a 

(,654. 

),334. 

»4265. 

U9a 

),207. 

M56. 

1.367. 

^503. 

),761. 

>.122. 

),515. 

25,568. 

33.443. 

62.180. 

73.727. 

76,809. 

82.865. 

89,501. 

B6.750. 

97,089. 

05.871. 

46,626. 

52,915. 

57.290. 

190,124. 

190,125. 

191,156. 

191,522. 

dl,097. 


June  21«  1904^    Ruthven.    Carburetor. 
July  12,  1904.    Boeder.    Carburetor. 

Akeson. 
Marshall 

Russell. 

Mosslg. 

HouloQ. 


Oct  18,  1904. 
Nov.  8,  1904. 
Nov.  22.  1904. 
Feb.  14.  1905. 
July  18,  1905. 
Apr.  17,  1906. 
July  10,  1906. 
Dec.  25,  1906. 
Feb.  5,  1907. 
Mar.  19,  1907. 
May  7,  1907. 


June  11,  1907. 
July  16,  1907. 
Apr.  21,  1908. 
May  19,  1908. 
Jan.  19,  1909. 
Feb.  28,  1909. 
Sept  14,  1900. 
Dec.  7,  1909. 
Dec.  27,  1910. 
Feb.  28,  1911. 
Feb.  28,  1911. 

May  7,  1912. 

July  23,  1912. 

May  20,  1913. 

Sept  28,  1918. 

Oct  2f  1913. 

Dec.  30,  1913. 

Mar.  10,  1914. 

May  12,  1914. 

May  19,  1914. 

July  28,  1914. 

July  13,  1915. 

Sept  7,  1915. 

Jan.  4.  1915. 
July  4.  1916. 
July  4,  1916. 
July  18,  1916. 
July  18,  1916. 

July  11.  1916. 


Carburetor. 
Carburetor. 

Means  for  carbureting  air. 
Portable  carburetor. 
Carburetor. 
Tresenreuter.    Carburetor. 
McOormick.    Carburetor. 
Berg.    Blowpipe  apparatus.  ^ 

Mueller.    Carburetor. 

Paris.    Apparatus  for  manufacture  of  gas. 
Akeson  ft  Anderson.    Carburetor. 


.6.004  (orig.  142,545) 


McCormick  &  Miller.    Carburetor. 
Schell.    Carburetor. 
Loewenstein.    Carburetor. 
OdelL    Carburetor  for  hydrocarbon  engines. 
Keep.    Carburetor. 
Bertrand  &  Goubillon.    Carburetor. 

SteeL    Carburetor. 
Jacobs.    Carburetor  for  hydrocarbon  engines. 
Haywood.    Carburetor. 
Ashmusen.    Carburetor. 
Dorman.    Carburetor. 
Williams.    Carburetor. 

Morris  &  Merritt    Carburetor. 

Meyers.    Carburetor. 

Atwood.    Carburetor. 
Patterson  &  Percival.    Carburetor. 

Ooodyear.    Carburetor. 

Ruthven.    Carburetor. 

Pond.    Carburetor. 

Miller.    Carburetor. 

Omer.    Carburetor. 

Sanders.    Carburetor. 
Huszftr.    Carburetor. 
Glover.    Carburetor. 

Lukacsevlcs  &  TerriU.    Carburetor. 

Lukacsevics.    Carburetor. 

Ciglia  &  Pelletier.    Suction  intensifying  carburetor. 
Lamb.    Carburetor. 

Spiers.    Carburetor. 

Aug.  11,  1874.    Lockwood.    Carburetor. 


Crois-reference  patents,  class  48,  subclass  156, 


57,689 
66,296 


67.216 

78,900 

81,590 

87,556 

89,536 

Re.  3,779 

110,006 

115,182 

133,967 


188.715 
143.534 
150,827 
167,150 
169.423 
Re.  6.878 
176.156 
176.395 
191,789 
192,399 
193,911 
204.413 


210,717 
222,822 
242,379 
249,160 
288,868 
308.698 
312,512 
336.574 
340.221 
378,647 
403,377 
423,393 


427,197 
429.426 
488,454 
522,418 
538,791 
541,441 
548.689 
596,658 
598,393 
628,222 
635.456 
662.922 


688,931 
697,807 
706,482 
712,803 
768.063 
772,673 
788,427 
793,776 
810,087 
813,796 
817,592 


846,679 

852.780 
854,604 
860,334 
886,403 
913.857 
933,064 
951,779 
964.165 
973.240 
982.490 
989,980 


1,004,661 
1,009,121 
1,024,501 
1,060,545 
1,069.068 
1,075,598 
1,076.401 
1,104.560 
1,105,160 
1,173,469 


SUBCLASS     167,    CABBUBETOBS,    CAPHXABT,    SPIBAL    PASBAQE. 

829.    S^t  80,  1856.    Varney.    Hydrocarbon-vapor  lamp. 
534.    June  15. 1858.    AbsterdanL    Apparatus  for  manufacturing  gas. 
771.    Mar.  14,  1865    Bassett.    Improved  apparatus  for  carbureting  air. 
021.    Nov.  10.  1868.    Thompson.    Improved  gas  machine. 
58&    June  22,  1869.    Alsop.    Improved  apparatus  for  manufacturing  Illu- 
minating gas. 
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123,539.    Feb.  6, 1872.    WiUdnson.    Improvement  in  carburetors. 

126,189.    Apr.  80, 1872.    Gross.    Improvement  in  carburetors. 

149,766.    Apr.  14,  1874.    Palmer.    Improvement  In  carburetors. 

160,410.  Mar.  2,  1875.  Ferguson.  Improvement  in  carburetors  or  hydrocar- 
bon diffusers. 

163,528.    May  18,  1875.    Reed.    Improvement  in  gas  carburetors. 

172,074.    Jan.  11,  1876.    Barbarin  ft  Roberts.    Improvement  in  carburetors. 

184,220.    Nov.  7,  1876.    De  St  Aubln.    Improvement  in  carburetors. 

224,592.    Feb.  17,  1880.    Heywood  ft  Boeklen.    Carbureting  apparatus. 

238,020.  Feb«22, 1881.  Anthony  &  Frost.  Apparatus  for  producing  illuminat- 
ing gas  or  vapor. 

238,386.    Mar.  1.  1881.    Quthrie.    Carburetor. 

261,011.    July  11, 1882.    Matthews  ft  Holt    Gas  machine. 

286,865.    Oct  16, 1883.    Taylor.    Oas  machine. 

341,739.    May  11,  1886.    Fagan.    Hydrocarbon-vapor  stove. 

375,055.    Dec.  20,  1887.    Dudley.    Carburetor. 

385,934.  July  10,  1888.  Ives.  Caturator  for  the  production  of  vapor  blow- 
pipe flames. 

675,566.    June  4,  1901.    Lawrence.    Carburetor. 

699,965.    Bfay  13,  1902.    Mangln.    Carburetor. 

780,673.    Jan.  24,  1905.    Lawrence.    Carburetor. 

798,418.    Aug.  29,  1905.    Johnson.    Carburetor. 

839,116.    Dec  25,  1906.    Compton.    Carburetor. 

990,159.    Apr.  18,  1911.    Olsen.    Carburetor. 

Re.  3,124  (orig.  46,771).  Sept  15,  1868.  Bassett  Improvement  in  apparatus 
for  carbureting  air  or  gases. 

Cross-reference  patents,  class  48,  subclass  1^7. 

55,324  170,097  885,934  746,173  767,485  883,171  1,025,553 
115,988  193,232  501,778  759,539  798,150  969,941  Re.  4,476 
156,142        224,576 

SUBCLASS    168,    CABBUBETOBS,    CAPILLABY,    VEBTICAL    8CBXEN. 

46,432.    Feb.  14,  1865.    Buckland.    Improved  apparatus  for  carbureting  air. 

48,706.    July  11,  1865.    Birchard.    Improved  apparatus  for  carbureting  air. 

49,705.    Sept  5,  1865.    Boynton.    Improved  gaslight  multiplier. 

53,798.    Apr.  10,  1866.    Fairbanks.    Improved  apparatus  for  carbureting  air. 

55,778.  June  19,  1866.  Messenger.  Improved  apparatus  for  carbureting  alr» 
gas,  etc 

57,686.    Sept  4,  1866.    Divine.    Improved  apparatus  for  carbureting  air. 

57,729.    Sept  4,  1866.    Johnston.    Improved  apparatus  for  carbureting  gas. 

57,812.    Sept  4,  1866.    WorralL    Improved  apparatus  for  carbureting  gas. 

58,209.    Sept  28,  1866.    Boynton.    Improved  apparatus  for  carbureting  gas. 

58,861.    Oct.  16,  1866.    McGreary.    Improved  apparatus  for  carbureting  air. 

60,857.  Jan.  1,  1867.  Burridge.  Improved  apparatus  for  charging  gas  or  air 
with  hydrocarbon  vapor. 

61,309.  Jan.  22,  1867.  Boynton.  Improved  apparatus  for  carbureting  gas 
and  air. 

69,621.    Oct.  8,  1867.    Boynton.    Improved  gaslight  multiplier. 

70,512.    Nov.  5,  1867.    Boynton.    Improvement  in  carbureting  gases  and  air. 

78,185.    May  26,  1^.    Childs.    Improved  gas  apparatus. 

81,238.  Aug.  18,  1868.  Woodward.  Improvement  in  apparatus  for  carbu- 
reting. 

90,445.    May  25,  1869.    Croat.    Improved  gas  machine. 

100,274.    Mar.  1,  1870.    Dunderdale.    Improved  carburetor. 

107,262.  Sept.  13,  1870.  Hyde.  Improvement  in  apparatus  for  carbureting 
air  and  gas. 

112,026.  Feb.  21,  1871.  Fisher.  Improvement  in  apparatus  for  carbureting 
and  generating  gas. 

127,409.    June  4,  1872.    Fisher.    Improvement  in  carburetors. 

128,356.    June  25,  1872.    Braun.    Improvement  in  carburetors. 

129,566.    July  16,  1872.    Hyde.    Improvement  in  carburetors. 

135,806.    Feb.  11,  1873.    Holmes.    Improvement  in  carbureting  apparatus. 

147,244.    Feb.  10,  1874.    Davey  ft  Griswold.    Improvement  in  carburetors. 
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17,  1874.    Fisher  ft  Darby.    Improvement  In  carbureting  ap- 


148,602.    Mar. 

paratus. 
156,820.    Nov.  10.  1874. 
164,428.    June  15,  1875. 

turlng  vapor  gas. 
172,144.  Jan.  11,  187a 
176.425.  Apr.  25.  1876. 
108,561.  July  24,  1877. 
205,201.  June  25,  187a 
209,505.    Oct  29,  1878. 

bureting  Illuminating  ga& 
216,191.    June  8,  1879.    Keller.    Improvement  in  gas  carburetors. 
Sept  la  1879.    Morehouse.    Improvement  in  carburetors. 
Oct  21,  1879.    Bean.    Improvement  In  carburetors. 
De  Witt    Carburetors. 
Ferguson.    Qas  carburetor. 
Keller.    Qas  carburetor. 
Besnor.    Air  carburetor. 
Lacy.    Carburetor. 
Frost    Apparatus  for  producing  illuminating  gas  or 


Reed.    Improvement  in  gas  carburetors. 
Caldwell.    Improvement  in  machines  for  manufac- 

Meredith.    Improvement  in  carburetors. 
Caldwell.    Improvement  in  gas  carburetors. 
Sir^    Improvement  in  apparatus  for  carbureting  gas. 
Morehouse.    Improvement  in  carburetors. 
Otten  ft  Kluher.    Improvement  in  apparatus  for  car- 


Jan.  13, 1880. 
Apr.  20,  1880. 
Feb.  15,  1881. 
June  20,  1882. 
Dec.  12,  1882. 
May  29,  188a 


219,590. 
220,695. 
223,490. 
226,820. 
237,752. 
259,921. 
268,910. 
27a529. 

vapor. 

286,515.  Oct   9,   1883. 

power  of  gas. 

300,757.  June  24,  1884. 

312,18a  Feb.  10,  1885. 

354,574.  Dec.  21,  188a 

359,585.  Mar.  15,  1887. 

366,664.  July  19,  1887. 

382,819.  May  15,  188a 

431,059.  July  1,  189a 

440,486.  Nov.  11,  1890. 

467,484.  Aug.  11,  1891. 

473,498.  Apr.  26,  1892. 

499,635.  June  13, 189a 

501,154.  July  11,  1893. 

515,287.  Feb.  20,  1894. 

522,574.  July  a  1894. 

522,968.  July  17.  1894. 

550,317.  Nov.  26,  1895. 

589,094.  Aug.  81,  1897. 
Sept  28.  1897. 


Weston.    Apparatus  for  increasing  the  illuminating 

Bols.    Qas  apparatus. 

Butler.    Apparatus  for  carbureting  air  and  gas. 

O'Connor.    Carburetor. 

Weil.    Carburetor. 

Hickel.    Gas  carburetor. 

Marks.    Carburetor. 
Keller.    Carburetor. 

Love.    Carburetor. 

Stringfellow.    Apparatus  for  the  manufacture  of  gas. 
.  Cruttenden.    Carburetor. 

Keller.    Carburetor. 

McCrory  &  Houze.    Carburetor. 

CabrlMJardien.    Carburetor. 
Burrows.    Carburetor. 

Clarke  ft  GrifPen.    Apparatus  for  carbureting  air. 

Callahan.    Carburetor. 

Ormerod.    Carburetor. 

Ladd.    Method  of  and  apparatus  for  manufacturing 


gas. 
620,496. 
626,17a 
633,287. 
661,697. 


678,493. 
680,941. 
699,357. 
717,444. 
725,148. 
726,671. 
750,311. 
765,351. 
77a682. 
777,220. 
778,686. 
783,64a 
796,557. 
801,044. 
820,036. 
827,643. 
832,547. 
843,112. 
863,154. 


Feb.  28,  1899.    Ravendz.    Carburetor. 

May  30,  1899.    Logan.    Carburetor. 

Sept  19,  1899.    Lewis  ft  Bailey.    Carburetor. 

Nov.  13,  1900.    Jeffery.    Carburetor. 

Jan.  22,  1901.    Wilkinson.    Carburetor. 

July  16,  1901.    Jackson.    Carburetor. 

Aug.  20,  1901.    Sargent    Carburetor. 

May  6,  1902.    Wilkinson  et  al.    Carburetor. 

Dec.  30,  1902.    Nagel.    Carburetor. 

Apr.  14,  1903.    Ruthven.    Carburetor. 

Apr.  28,  1908.    Gemmer.    Vaporizer  for  explosive  engines. 

Jan.  26,  1904.    Severance.    Carburetor. 

July  19,  1904.    Avery  ft  Smith.    Carburetor. 

Nov.  1,  1904.    Severance.    Carburetor. 

Dec.  13, 1904.    Patee.    Carburetor  for  explosive  engines. 

Dec.  27,  1904.    Loewenstein.    Carburetor. 

Feb.  28,  1905.    Severance  et  al.    Carburetor. 

Aug.  8,  1905.    Bockoven.    Carburetor. 

Oct.  3,  1905.    Parsons.    Carburetor  for  hydrocarbon  engines. 

May  8,  190a    Burch.    Carburetor. 

July  31,  1906.    Lawrence.    Carburetor. 

Oct  2,  1906.    Hooper.    Carburetor. 

Feb.  5,  1907.    Severance.    Carburetor. 

Aug.  13,  1907.    Cox.    Carburetor. 
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887,017.  May  5,  1908.  PttddingtoiL  Carburetor. 
082,490.  Jan,  24,  1911.  Haywood.  Carburetor. 
1,011,244.    Dec  12,  1911.    Puddlngton.    Carburetor. 


1,046,653.    Dec.  10,  1912. 

1,063,900.    Juue  3,  1913. 

1,065,331.    June  17,  1918. 

1,070,514.    Aug.  19,  1913. 

1,093,718.    Apr.  21.  1914. 

1,104.427.    July  21,  1914. 

1,116,861.    Nov.  10,  1914. 

1,157,588.    Oct  19,  1915. 

Re.  2,375  (48,705); 
buretlng  gas. 

Re.  2,376  (58,209).    Oct  16,  1S66.    Boynton.    Improved  apparatus  for  carburet- 
ing gas. 

Cross-reference  patents,  class  48,  subclass  158. 


Ruthven.    Carburetor. 
Whltacre.    Carburetor. 
Rubesky.    Carburetor. 
Myers.    Carburetor. 
Myers.    Carburetor. 

Kendall.    Apparatus  for  carbureting  air. 
Wilson.    Carburetor. 
Rubesky.    Carburetor. 
Oct  16, 1866.    Boynton.    Improvement  in  apparatus  for  car- 


81,720 
35,984 
45,729 
46,770 
48,391 
54,132 


115,798 
128,321 
132,132 
133,118 
140.998 
163,535 


177,909 
190,673 
191,381 
192,825 
193,934 
197,944 


207,886 
226,875 
252.307 
278,281 
303,927 
336,572 


451,036 
509,174 
528,882 
563,799 
595.658 
623,725 


692,518 
734,772 
779,906 
832,330 
843,554 
857,130 


951,779 

979,761 

994,985 

1,089,471 


107,743        177,191        206,999        424.654        626»193        855,407 


SUBCLASS  160,  CABBX7BET0RS,  GAFILLABT.  ZIGZAG  PASSAGE. 


i!.    ^ 


Bronson.    Hydrocarbon-vapor  apparatus. 

Mille.    Improved  apparatus  for  carbureting  air. 
Wright.    Improved  apparatus  for  carbureting  gas. 

Pickering.    Improved  apparatus  for  charging  air  with 


26.458.  Dec  13, 1859. 
49,596.  Aug.  22,  1865. 
56,503.  July  17,  1866. 
60,417.    Dec.  11,  1866. 

gasoline. 

83,730.    Nov.  3,  1868.    Richard.    Improved  apparatus  for  carbureting  air. 
84,814.    Dec.  8, 1868.    Foster  &  Ganster.    Improved  apparatus  for  illuminating 

railroad  cars,  steamers,  etc. 
92,635.    July  13,  1869.    Nichols.    Improved  carburetor  for  air  and  gas. 
106,389.    Aug.  16, 1870.    MiUward.    Improvement  in  carbureting  apparatus. 
114.538.    May  2.  1871.    Simonds.    Gas  machine. 
126,024.    Apr.  23, 1872.    Coleman.    Improvement  in  gas  carburetors. 
131.157.    Sept.  10, 1872.    FelL    Improvement  in  carbureting  illuminating  gas. 
143,426.    Oct  7,  1873.    Sloper.    Improvement  in  portable  gas  machines. 
145.248.    Dec.  2, 1873.    Simmons.    Improvement  in  carburetors. 
151.625.    June  2, 1874.    Ruthven.    Improvement  in  carburetors. 
167,592.     Sept.  7,  1875.    Westcott    Improvement  in  carburetors. 
181,666.    Aug.  29, 1876.    Geisenberger.    Improvement  in  carburetors. 
203.371.    May  7,  1878.    Reed.    Improvement  in  carburetors. 
203.458.    May  7,  1878.    Hughes.    Improvement  in  carburetors. 
214.711.    Apr.  22.  1879.  Ruthven.    Improvement  in  carburetors  and  regulators. 
229,346.    June  29,  1880.    Westlnghouse.    Carburetor. 
231,635.    Aug.  24,  1880.    West    Apparatus  for  carbureting  air  or  gases  for  illu- 


Aug.  24,  1880. 
minating  purposes. 
281,108.  July  10,  1883. 
Feb.  24,  1885. 
Apr.  14,  1885. 
Oct.  13,  1885. 
May  4,  1886. 
Jan.  18,  1887. 
Mar.  22,  1887. 


812,836. 
315,747. 
328.359. 
841,299. 
856,337. 
859,646. 
366.168. 
427.487. 
683,401. 
710.330. 
712.169. 
730,627. 
756381. 
773,679. 


Mills.    Carburetor. 
Frost    Carburetor. 
Detwller.    Gas  generator. 
Stubbers.    Automatic  gas  machine. 
Wolford.    Carburetor. 
Stanour.    Carburetor. 
Sumerwell.    Carburetor. 


July  5, 1887.    Huber.    Gas-generating  machine. 

May  6.  1890.    Tibbets.    Carburetor. 

Sept  24.  1901.    Houze.    Carburetor. 

Sept.  30, 1902.    Marks.    Carburetor  for  explosive  engines. 

Oct  28,  1902.    Wright    Carburetor. 

June  9,  190S.    Esser.    Carburetor. 

Apr.  5,  1904.    Lawrence.    Carburetor. 

Nov.  1, 1904.    Sale  ft  Hoag.    Carburetor. 
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783  J90.    Feb.  28,  1905.    Kline.    Gas-enrlchlDg  machine. 

817,218.    Apr.  10,  lOOe.    Brown.    Carburetor. 

818,207.    Apr.  17, 1906.    Verret  &  Palmer.    Carburetor. 

838,719.    Dec  18,  1906.    Kelley.    Carburetor. 

964,165.    July  12,  1910.    Kelley.    Carburetor. 

975,635.    Nov.  15, 1910.    Pottbast    Carburetor. 

1,050322.    Jan.  14,  1918.    Woodworth.    Carburetor.' 

1,075,396.    Oct  14,  1913.    Boatwright    OU  burner. 

1,106,070.    Aug.  4,  1914.    Andres.    Carburetor. 

1,164^215.    Dea  14, 1915.    Rodrigues  &  Schmitt.    Carburetor. 


Cross-reference  patents,  class  48,  subclass  169, 


131,815 
154,475 
164360 
168,048 
Be.  6,865 


221,680 
291,676 
827,981 
836378 


853,499 
895,152 
423367 
540,536 


725,148 
763,965 
765351 

787,732 


773,682 

780355 
783,648 
807,131 


820,066 
820,554 
863,154 
885,832 


959350 

944,482 

1,070,514 

1,075,598 


SI7BCLABS   160,  CABBX7BETOB8,   GBAVnT. 


Improved  apparatus  for  carbureting  air. 
Improvement  In  the  manufacture  of  lUuml- 


50,260.    Oct.  8,  1865.    Irwin.    Improved  apparatus  for  carbureting  air. 
51,841.    Jan.  2,  1866.    Loveless.    Improved  apparatus  for  carbureting  air. 
52,946.    Feb.  27,  1866.    Chamberlin,    Improved  apparatus  for  carbureting  gas 

for  Illuminating. 
66,950.    June  26,  1866.    Brown. 
66,071.    June  25,  1867.    Bassett. 

natlng  gas. 

83,026.    Oct.  13,  1868.    Bassett.    Improvement  In  gas  generators. 
177,909.    May.  26,  1876.    Williams.    Improvement  In  gas-making  apparatus. 
897,255.    Feb.  5,  1889.    Stubbers.    Gasoline  apparatus  for  Illuminating  and 

heating  purposes. 
421,834.    Feb.    18,    1890.    HoUingsworth.    Apparatus    for    vaporizing    liquid 

hydrocarbon  and  supplying  the  vapors  to  burners. 
448,652.    Mar.  24,  1891.    HoUingsworth.    Vapor  stove. 

HoUingsworth.    Starter  for  vapor  stoves. 
Marsh.    Vapor  stove. 
Davis.    Apparatus  for  vaporizing  and  feeding  hydro- 


451,050.  Apr.  28,  1891. 
454,014.  June  9,  1891. 
456,510.    July  21,  1891. 

carbon. 
470,756.    Mar.  15,  1892. 

Mar.  22,  1892. 

July  19,  1892. 

Aug.  9,  1892. 

Sept  20,  1892. 

Jan.  10,  1893. 

Jan.  17,  1898. 

Jan.  31, 1898. 

Jan.  81,  189a 

Mar.  7,  1893. 

Sept  4,  1894. 

Sept  4,  1894. 

Nov.  6,  1894. 

June  25,  1895. 

Feb.  25,  1896. 

Feb.  25,  1896. 

Nov.  8,  1896. 

Aug.  2,  1898. 

Jan.  9,  1900. 

Feb.  17,  1903. 

Sept  15,  1903. 

Oct.  30,  1906. 

Dec.  21,  1909. 

Mar.  15,  1910. 


471,289. 
479315. 
480,281. 
483,051. 
489,477. 
490,085. 
490.655. 
490,656. 
493,186. 
525.331. 
625,350. 
528,795. 
541,530. 
555,436. 
555,450. 
570,482. 
608,388. 
640,832. 
720,968. 
739,144. 
834,614. 
944,070. 
952,412. 


HoUingsworth.    Vapor  stove. 

HoUingsworth.    Vapor  stove. 

Stockstrom.    Vapor  stove. 
Ruppel.    Vapor  stove. 

Flick.    Vapor  stove. 

HoUingsworth.    Vapor  stove. 

Romoser.    Vapor  stove. 

HoUingsworth.    Vapor  stove. 

HoUingsworth.    Vapor  stove. 
Sayers.    Gasoline-burner  attachment 
Campany.    Vapor  burner. 

Llndemann.    Vapor-burning  apparatus. 
Palmer  &  Munro.    Gasoline  stove. 

Goergen.    New-process  vapor  burner. 

Davis.    Evaporator  burner  or  stove. 

Johnson.    Vapor  stove. 
Hutchlns.    Gasoline  stove. 
Brown.    Gasoline  stove. 
Thayer.    Carburetor. 

Rife  &  Carper.    Carburetor. 

Blackford.    Gasoline  burner. 

Gray.    Carburetor. 

Best    Hydrocarbon  burner. 

Blackford.    Gasoline  burner. 


47,257  187,415 

72805*— S.  Doc.  559, 64-2 


Cross-reference  patents,  class  48,  subclass  160, 

490,415 


807,131 
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SUBCLASS   163,  CABBUBBTOBS,  O81C0TIC. 


236,433. 

Jan.  11,  1881. 

Hoard.    Carburetor. 

291,128. 

Jan.  1,  1884. 

Baker.    Carburetor. 

533,275. 

Jan.  29,  1895. 

Collet  &  Merichenskl.    Carburetor. 

625,084. 

May  16,  1899. 

Brown  &  Dixon.    Carburetor. 

671,052. 

Apr.  2,  1901. 

Kurz.    Carburetor. 

SUBCLASS    164,    CABBX7BET0BS,    PIVOTED. 

66,068.    June  25,  1867.    Bassett    Improvement  in  carbureting  gases. 

78,600.    June  2,  1868.    Malcolm.    Improved  apparatus  for  generating  gas. 

169,423.  Nov.  2,  1875.  Covel.  Process  and  apparatus  for  enriching  gas  or  air 
with  a  definite  and  regulated  percentage  of  hydrocarbon  vapor. 

188,667.    Mar.  20,  1877.    Pierce  &  Smiley.    Carburetor. 

191,789.    June  12, 1877.    Winn.    Improvement  in  gas  and  air  carburetors. 

192,399.    June  26,  1877.    Winn.    Improvement  in  gas  and  air  carburetors. 

204,413.  May  28, 1878.  Dusenberry  &  Winn.  Improvement  in  gas  and  air  car- 
buretors. 

294,863.    Mar.  11,  1884.    Gairing  &  Lehmann.    Carburetor. 

Re.  6,878.  Jan.  25,  1876.  CoveL  Improvement  in  processes  and  apparatus  for 
manufacturing  illuminating  gas. 

SUBCLASS    166,  CABBUBETOBS,  PIVOTED,  BEVOLVING. 

12,535.    Mar.  13,  1855.    Cunlngham.    Benzole  vapor  apparatus. 
13,010.    June  5,  1855.    McDougall.    Hydrocarbon-vapor  apparatus. 
35,144.    May  6,  1862.    Drake.    Improved  apparatus  for  carbureting  air. 
43,264.    June  21,  1864.    Simonds.    Improved  apparatus  for  carbonizing  air  for 

illuminating  purposes. 
44,060.    Sept  6,  1864.    Archer.    Improvement  in  apparatus  for  carbureting  air. 
44,560.    Oct  4,  1864.    Simonds.    Improved  apparatus  for  carbonizing  air  for 

illuminating  purposes. 
50,076.    Sept.  19,  1865.    McAvoy.    Improved  apparatus  for  carbureting  air. 

50.103.  Sept.  26,  1865.    Drennan.    Improved  apparatus  for  carbureting  air. 
60,675.    Oct  31, 1865.    Bassett    Improved  apparatus  for  carbureting  air. 
50,905.    Nov.  14,  1865.    Chase.    Improved  apparatus  for  carbureting  air. 
50,987.    Nov.  14,  1865.    Chase.    Improved  apparatus  for  carbureting  air. 
51,946.    Jan.  9,  1866.    Hutchinson  &  McAvoy.    Improved  apparatus  for  carbu- 
reting air. 

52,087.    Jan.  9,  1866.    Spence.    Improved  apparatus  for  carbureting  air. 

53,504.    Mar.  27,  1866.    Thompson.    Improved  apparatus  for  carbureting  air. 

57,164.    Aug.  14,  1866.    McAvoy.    Improved  apparatus  for  carbureting  air. 

57,442.    Aug.  21,  1866.    McDonald.    Improved  apparatus  for  carbureting  air. 

57,543.    Aug.  28,  1866.    Mihan.    Improved  apparatus  for  carbureting  air. 

57,788.    Sept.  4,  1866.    Spence.    Improved  apparatus  for  carbureting  air. 

61,739.  Feb.  5,  1867.  Hutchinson  &  McAvoy.  Improved  apparatus  for  carbu- 
reting  air. 

61,887.    Feb.  5,  1867.    Spence.    Improved  gas  apparatus. 

63,667.  Apr.  9,  1867.  Stevens.  Improved  machine  for  carbureting  air  to  pro- 
duce inflammable  gas. 

64,382.    Apr.  30,  1867.    Thompson.    Improved  gas  generator  and  carburetor. 

76,114.    Mar.  31,  1868.    Stratton.    Improved  apparatus  for  carbureting  air. 

76,182.  Mar.  31, 1868.  Ganster.  Improved  apparatus  for  generating  illuminat- 
ing gas. 

78,870.  June  16,  1868.  Ganster.  Improvement  in  the  manufacture  of  iUuini- 
natlng  gas. 

81,232.  Aug.  18, 1868.  Van  der  Weyde.  Improved  apparatus  for  the  manufac- 
ture of  illuminating  gas. 

81,736.  Sept  1,  1868.  Bassett.  Improved  process  and  materials  for  carburet* 
ing  gases. 

82,786.    Oct  6,  1868.    Bancroft    Improved  gas  machine. 

84,941.    Dec.  15,  1868.    Foster  &  Ganster.    Improved  portable  gas  apparatus. 

85.104.  Dec.  22,  1868.    Lawler  &  Gibson.    Improved  gas  machine. 

87,299.    Feb.  23,  1869.    Schwippel.    Improved  machine  for  making  gas  from 

volatile  oils. 
904259.    May  18,  1869.    Hare.    Improved  gas  machine. 
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Nov.  80,  1809.  Dunderdale.  Improved  apparatus  for  producing  iUu- 
inatlng  gas. 

Feb.  22,  1870.    Snodgrass.    Improved  portable  gas  generator. 

May  17,  1870.    Fogarty.    Improved  gas  generator. 

June  14,  1870.  Douglas.  Improved  hydrocarbon  vapor  machine  for 
umlnatlng  purposes. 


^^,B87. 
air. 
249,163. 
251,329. 
262,651. 
282,991. 
264.406. 
272,002. 


Nov.  1,  1870. 
Nov.  22,  1870. 
Nov.  14,  1871. 
Oct  8,  1872. 
Jan.  21,  1873. 
air. 
May  26,  1874. 
July  13,  1875. 
Aug.   3,   1875. 


Richard.    Improvement  In  gas  apparatus. 
Van  Houten.    Improvement  In  gas  machine. 
McMlUen.    Improvement  In  gas  machines. 
Rlgod.    Improvement  In  carburetors. 
Van  Houten.    Improvement  In  machines  for  carburet- 

Hornlng.    Improvement  In  carburetors. 
Gray  &  Lusby.    Improvement  In  air  carburetors. 
Stombs.    Improvement   In   automatic   rotary   carbu- 

Sept.  14,  1875.    Westcott    Improvement  In  carburetors. 

Oct.  26,  1875.    Hyams.    Improvement  in  carburetors. 

Sept.  26,  1876.    Pierce.    Improvement  In  carburetors. 

Feb.  20,  1877.    Paquette.    Improvement  In  carburetors. 

Nov.  6,  1877.    Stratton.    Improvement  in  carburetors. 

Dec.  18,  1877.    Bossert.    Improvement  in  carburetors. 

June  24,  1879.    Moffatt    Improvement  in  alr-carburetlng  apparatus. 

Jan.  13,  1880.    Dewltt    Carburetor. 

Apr.  13,  1880.    Wright    Carburetor. 

July  19,  1881.    Hoard  &  Wlggln.    Apparatus  for  carbureting  gas  or 


Nov.  8,  1881.    De  Witt.    Rotary  carburetor. 
Dec.  20,  1881.    Winn.    Carburetor  cylinder  for  air-£:as  machines. 
Aug.  15,  1882.    De  Witt.    Carburetor. 
Aug.  22,  1882.     Smith  et  al.    Carburetor. 
Sept  12,  1882.    Frail.    Carbureting  apparatus. 

Feb.  6,  1883.    Vigreux.    Apparatus  for  producing  currents  of  pure  or 
carbureted  air. 
321,959.    July  14,  1885.    Frail.    Gas  machine. 
329,664.     Nov.  3,  1885.    McNett    Carburetor. 
350,382.     Oct.  5,  1885.    Merritt    Carburetor. 

356.071.     Jan.  11,  1887.    Hyams.    Apparatus  for  treatment  of  natural  gas. 
356.950.     Feb.  1,  1887.    McNett    Carburetor. 
360,240.     Mar.  29,  1887.    Ordonez  y  Ponce.    Gas  generator. 
395,616.     Jan.  1,  1889.    Dykes.    Carburetor. 
531,780.     Jan.  1,  1895.    Cook.    Carburetor. 
539,773.     May  21,  1895.    Lawrence.    Carburetor. 
5a3.284.     Nov.  9,  1897.    Spacke.    Carbureter. 
596,321.     Dec.  28,  1897.    Bulley.    Gas-generating  machine. 
604,948.     May  81,  1898.    Van  Vrlesland.    Carburetor. 
618,002.     Jan.  17,  1899.    Bradley.    Carburetor. 
631.002.     Aug.  15,  1899.    Van  Vrlesland.    Carburetor. 
649,865.     May  15,  1900.    Herhagen  &  Van  Gink.    Carburetor. 
672,507.     Apr.  23,  1901.    Johnson.    Carburetor. 
688,408.     Dec.  10,  1901.    GOhler.    Carburetor. 
696,187.    Mar.  22,  1902.    Page  &  Wood.    Oil  atomiser  and  mixer  for  vapor 

engines. 
711,429.    Oct  14,  1902.    Leckband.    Carburetor. 
743,085.    Nov.  8,  1903.    Kahle.    Carbureting  apparatus. 
779,906.    Jan.  10,  1905.    Burch.    Carburetor. 
801,606.    Oct  10,  1905.    Picard.    Carbureted-alr  machine. 
866,115.    Sept  17,  1907.    Dock.    Vaporizer. 
885,905.    Apr.  28,  1908.    Averell.    Carburetor. 
901,237.    Oct  13,  1908.    GraumdUer.    Carburetor. 
934,981.    Sept  21,  1909.    Munger.    Carburetor. 
942,181.    Dec.  7,  1909.    McGulre  &  Hammick.    Carburetor. 
969,94L    Sept  13,  1910.    Cox.    Carburetor. 
1,009,629.    Nov.  21,  1911.    Bardlll.    Carburetor, 


1444,477. 
1056,716. 


June  29,  1913.    Kellogg.    Carburetor. 
Oct  12,  1915.    Shores.    Carburetor. 
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Be.  1,819  (9,967).    Aug.  80, 1853.    Drake.    Benzol-vapor  apparatus. 
Be.  2,069  (45,456).    Sept  5,  1864.    McAvoy  &  Hutchinson.    Improved  apparatus 
for  carbureting  air. 

Cross-reference  patents,  class  4S,  subclass  165. 

56,116  82,244        153,876        692,860        840,708      1,123,876      1,137,535 

57,940        138,409         189,490        754.774      1,064,273      1,137,238 

SUBCLASS   166,  CAKBUBETOBS,  STJBMEBQED  BLAST. 

43,948.  Aug.  23,  1864.  McAvoy.  Improvement  in  apparatus  for  carbureting 
air. 

45,206.    Nov.  22,  1864.    McAvoy.    Improved  apparatus  for  carbureting  air. 

45,568.  Dec.  20,  1864.  Stevens.  Improved  apparatus  for  vaporizing  and 
aerating  volatile  hydrocarbon. 

46,280.    Feb.  7,  1865.    Terry.    Improved  apparatus  for  carbureting  air. 

47,272.    Apr.  18,  1865.    Bassett.    Improved  apparatus  for  carbureting  air. 

47,679.    May  9,  1865.    Dunscomb.    Improved  apparatus  for  carbureting  air. 

51,128.    Nov.  28,  1865.    Blckford.    Improved  apparatus  for  carbureting  air. 

52,876.  Feb.  27,  1866.  Myer.  Improved  machine  for  charging  air  with  hydro- 
carbon vapors. 

53,843.    Apr.  10,  1866.    Loveless.    Improved  apparatus  for  carbureting  air. 

57,738.    Sept.  4,  1866.    Llpps.    Improved  barrel  for  petroleum,  etc. 

68,471.    Oct.  2,  1866.    Patterson.    Improved  apparatus  for  carbureting  air,  etc. 

58,727.    Oct.  9,  1866.    Hutchinson.    Improved  apparatus  for  generating  steam. 

59,446.    Nov.  6,  1866.    Pease.    Improvement  in  carburetors. 

62.363.  Feb.  26,  1867.  Band.  Improvement  in  the  manufacture  of  illuminat- 
ing gas. 

62.364.  Feb.  26, 1867.    Band.    Improvement  in  apparatus  for  carbureting  air. 
66,041.    June  25,  1867.    Band.    Improved  method  of  making  illuminating  gas. 
66,749.     July  16,  1867.     Springer  &  McDonald.    Improved  apparatus  for  car^ 

buretlng  air. 
67,971.    Aug.  20,  1867.    Fraser.    Improved  carbureting  apparatus. 
74,132.    Feb.  4,  1868.    Prichard.    Improvement  in  gas  machines. 

75.468.  Mar.  10,  1868.  Sangster.  Improvement  in  machines  for  carbureting 
air. 

75.469.  Mar.  10,  1868.    Sangster.    Improved  machine  for  carbureting  air. 
79,048.    June  28,  1868.    Appleby.    Improved  carburetor. 

79,290.    June  23,  1868.    Wllloughby.    Improved  carburetor. 

80,404.    July  28,  1868.    Graham.    Improved  gas  machine. 

83,344.    Oct.  20,  1868.    Wain.    Improved  gas  machine. 

83,419.    Oct  27,  1868.    Stebblns.    Improved  portable  gas  apparatus. 

84,288.    Nov.  24,  1868.    Kitchen.    Improved  portable  gas  apparatus. 

90,012.    May  11,  1869.    Mix.    Improved  carburetor. 

95,412.  Oct  5,  1869.  Barbarin.  Improved  apparatus  for  carbureting  air 
and  gas. 

96,074.    Oct.  26,  1869.    Barbarin.    Improved  apparatus  for  carbureting  air. 

97,285.  Nov.  30,  1869.  Eberts  &  Fanning.  Improved  gas  machine  for  car- 
bureting air. 

98,462.    Jan.  4,  1870.    Ball.    Improved  gas  machine. 

128,199.  June  18,  1872.  Gearing.  Improvement  in  apparatus  for  the  manu- 
facture of  gas  from  oils. 

146,082.    Dec.  30,  1873.    Lyman.    Improvement  in  carburetors. 

150,449.    May  5,  1874.    Wheeler.    Improvement  in  gas  machines  or  carburetors. 

155,096.     Sept.  15,  1874.    McHenry.     Improvement  in  carburetors. 

155,155.    Sept  22,  1874.    Harrington.     Improvement  in  carburetors. 

157,781.    Dec.  15, 1874.    Bean.    Improvement  in  carbureters  for  gas  and  air. 

157.861.  Dec.  15,  1874.  Needles.  Improvement  In  alr-carburetlng  gas  ma- 
chines. 

164,558.  June  15,  1875.  Henderson.    Improvement  in  carburetors. 

165,050.  June  29,  1875.  Allen.    Improvement  In  carburetors. 

165.862.  July  20,  1875.  Pierce.    Improvement  in  carburetors. 
166,508.  Aug.  10,  1875.  Daschbach.     Improvement  In  carburetors. 
173,933.  Feb.  22,  1876.  Forbes.    Improvement  in  carburetors. 
174,054.  Feb.  29,  1876.  Allen.    Improvement  In  carburetors. 
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180,859.  July  25,  1876.    McMillen  &  Minor.    Improvement  in  carburetors. 

181,926.  Sept.  5,  1876.    Edgar.    Improvement  In  carburetors. 

193,007.  July  10,  1877.    Lamb.    Apparatus  for  carbureting  air. 

194,783.  Aug.  28,  1877.    Shepard.    Improvement  in  carburetors. 

199,246.  Jan.  15,  1878.  Wolle  &  Munyon.  Improvement  in  apparatus  for 
carbureting  air. 

208,579.  May  14,  1878.    Battey.    Improvement  in  carburetors. 

261,507.  July  18, 1882.  Wittamer.  Apparatus  for  the  manufacture  of  illumi- 
nating gas. 

273,852.  Mar.  18,  1888.    Judd.    Gas  machine. 

280,201.  June  26, 1888.    Martin.    Apparatus  for  the  manufacture  of  air  gas. 

298,058.  May  6,  1884.    Beebe.    Carburetor. 

302,450.  July  22,  1884.  Valentine.  Apparatus  for  carbureting  and.  firing 
furnaces. 

807,042.  Oct  21,  1884.  Herzog.  Process  of  and  apparatus  for  obtaining 
illuminating  gas. 

827,981.  Oct  18,  1885.    Andrus.    Carburetor. 

839,177.  Apr.  6,  1886.    Herlehy  &  McGinnis.    Natural-gas  carburetor. 

862,234.  May  8,  1887.    Stauber.    Gas  machine. 

876,248.  Jan.  10,  188a    Lothammer.    Carburetor. 

877,607.  Feb.  7,  1888.    Foster.    Carburetor, 

382,585.  May  8,  188a    Benz.    Carburetor. 

414,870.  Nov.  5,  1889.    Blackmore.    Tinner's  soldering  apparatus. 

415,978.  Nov.  26,  1889.    Regan.    Carburetor  for  gas  engines. 

.437,454.  Sept.  80,  1890.    Ranney.    Carburetor. 

474,838.  May  17,  1892.    Lambert.    Carburetor. 

484.949.  Oct  25,  1892.    Clingman.    Carburetor. 
488,881.  Dec.  27,  1892.    Falley.    Carburetor. 

490,972.  Jan.  81, 1898.    Love.    Apparatus  for  carbureting  gas  or  air. 

493,165.  Mar.  7,  1893.    Irgens.    Apparatus  for  carbureting  air. 

504,137.  Aug.  29,  189a    SavUL    Carburetor. 

505,700.  Sept  26,  1898.  Cornish.  Process  of  and  apparatus  for  carbureting 
air. 

511.950.  Jan.  2,  1894.    Hibbs.    Process  of  and  apparatus  for  carbureting  air. 
527,085.  Oct  9,  1894.    Sprague  &  Guthrie.    Carburetor. 

627,689.  Oct  16,  1894.    Westcott    Carburetor. 

544,945.  Aug.  20,  1895.    Aldrlch.    Apparatus  for  carbureting  air. 

559,341.  Apr.  28,  1896.    Parr  &  Avery.    Carburetor. 

568,672.  Sept  29,  1896.    Garred.    Machine  for  generating  gas. 

569,198.  Oct.  13.  1896.    Henlein.    Incandescent  oil  lighting. 

569,460.  Oct.  18,  1896.    Ingraham.    Carburetor. 

572,837.  Dec.  8,  1896.    Staede.    Carburetor. 

575,595.  Jan.  19,  1897.    Cornish.    Carburetor. 

578,847.  Mar.  9,  1897.    Mitchell.    Gas-generating  machine. 

588,200.  Aug.  17,  1897.    Van  Syke.    Blowpipe. 

592,579.  Oct.  26,  1897.    Balkam.    Carburetor. 

593,682.  Nov.  16,  1897.    Oliver.    Gas  machine. 

598,393.  Feb.  1,  1898.    Sams.    Gas  generator. 

600,221.  Mar.  8,  1898.    Grey.    Apparatus  for  making  gas. 

607,417.  July  19,  1898.    Bailey.    Process  of  and  apparatus  for  treating  crude 

oil  in  manufacturing  gas  and  lubricating  oil. 

610,159.  Aug.  30, 1898.    Speer.    Carburetor. 

615,098.  Nov.  29.  1898.    Mclntyre.    Internal  separator. 

619,281.  Feb.  14, 1899.    Cornish.    Carburetor. 

620,595.  Mar.  7, 1899.    Llppltt    Carburetor. 

620,646.  Mar.  7,  1899.    FlUey.    Carburetor. 

628,689.  July  11, 1899.    Steele.    Carburetor. 

639,481,  Dec.  19,  1899.    Wopiert    Carburetor, 

643,206.  Feb.  13, 1900.    Russell.    Carburetor. 

645,485.  Mar.  13,  1900.    McAllister.    Carburetor. 

654,878.  July  24, 1900.    Barckdall.    Carburetor. 

656,409.  Aug.  21, 1900.    Laraway  &  Houser.    Carburetor. 

659,987.  Oct  16,  1900.    Ray.    Carburetor  for  explosive  engines. 

662,304.  Nov.  20,  1900.    Reenstlerna.    Carburetor. 

664,457.  Dec.  25, 1900.    Bennett    Carburetor. 

671,042.  Apr.  2,  1901.    Barckdall  &  Woodward.    Carburetor. 
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673,708.    May  7, 1901.    Kempshall.    Carburetor. 
673.799.    May  7, 1901.    Beenstierna.    Carburetor. 
676,054.    June  11,  1901.    Thomas.    Carburetor. 
677,305.    June  25, 1901.    Arnold.    Carburetor. 
679,019.    July  23,  1901.    Fischer.    Carburetor. 
688,814.    Dec.  17,  1901.    Andreson.    Carburetor. 
698,953.    Apr.  29, 1902.    Honts.    Carburetor. 
704,034.    July  8, 1902.    Head  &  Dovey.    Carburetor. 
707,973.    Aug.  26.  1902.    Leckband.    Carburetor. 

Ckrt  7,  1902.    Williams.    Carburetor. 

Jan.  18,  1903.    Leckband.    ^paratus  for  carbureting  air. 

Mar.  24,  1903.    Richards.    Carbureting  device  for  explosive  engines. 

Apr.  14,  1903.    Renstrom.    Acetylene-gas  generator. 

Jan.  12,  1904.    Mooers.    Carbureting  device  for  explosive  engines. 

Jan.  26,  1904.    Cornish.    Carburetor. 

Mar.  22,  1904.    Philipps.    Carburetor. 

Apr.  19,  1904.    Lockhart.    Carburetor. 

Dec  20,  1904.    Lothammer.    Carburetor. 

Feb.  7,  1905.    Walther.    Carburetor. 


710,646. 
718361. 
723,487. 
725,366. 
749,315. 
750,433. 
755,167. 
757,935. 
777,90a 
781,701. 
782,788. 
793,786. 
805,138. 


Feb.  14,  1905.    Mohr.    Carburetor. 

July  4,  1905.    Helmle.    Carburetor. 

Nov.  21,  1905.    Herrick  &  Lohrman.    Carburetor. 
812,753.    Feb.  13, 1906.    Kouns.    Carburetor  for  hydrocarbon  engines. 
817,218.    Apr.  10, 1906.    Brown.    Carburetor. 

June  12, 1906.    Akeson.    Carburetor. 

July  24,  1906.    Hinds.    Carburetor. 

Aug.  21,  1906.    Garvey.    Air  carburetor. 

Jan.  1,  1907.    Dawson.    Gas  generator. 

Aug.  6,  1907.    Peregrine.    Carburetor. 

Mar.  2,  1909.    Kenworthy.    Gas  generator. 

May  4,  1909.    Wood.    Carburetor. 

Aug.  31,  1909.    Laux.    Carburetor. 

Aug.  31,  1909.    Kenworthy.    Carburetor. 

Oct  26,  1909.    Mi^ville.    Carburetor. 

Jan.  25,  1910.    Steward.    Carburetor. 

Mar.  1,  1910.    Pill.    Carbureting  apparatus. 

Mar.  8,  1910.    Hancock  &  Arnold.    Gas  generator. 

Apr.  26,  1910.    Dawson.    Carbureting  apparatus. 

Aug.  2,  1910.    Bustard.    Carburetor. 

Apr.  4,  1911.    Stein.    Carburetor. 

Apr.  18,  1911.    Kemp.    Carburetor. 

Apr.  18,  1911.    Kemp.    Carburetor. 

June  6,  1911.    Cox.    Carburetor. 

June  20,  1911.    Lowry.    Hydrocarbon  lighting  system. 
Sept  5,  1911.    Voigt.    Carburetor. 


823,382, 

826,936. 

829,375. 

840,115. 

862,196. 

913,733. 

920,511. 

932,478. 

932,871. 

938,011. 

947,357. 

950,825. 

951,501. 

956,048. 

965,867. 

988,398. 

989,84a 

989,980. 

994,574. 

995,882. 

1,002.791. 

1,004,329. 

1,009,121. 

1,027,340. 

1,027,456. 

1,043,691. 

1,057,254. 

1,058,407. 

1,069,068. 

1.069,335. 

1,070,394. 

1,103,789. 

1,105,160. 

1,109,777. 

1,156,924. 


Sept  26,  1911.    Winter.    Carbureting  apparatus. 

Nov.  21,  1911.    Weiwoda.    Carburetor. 

May  21,  1912.    Johnston.    Carburetor. 

May  28,  1912.    Wood.    Carburetor. 

Nov.  5,  1912.    Grandjean.    Carburetor. 

Mar.  25,  1913.    McAndrews.    Carburetor. 

Apr.  8,  1913.    Candlish.    Carburetor. 

July  29,  1913.    Kemp.    Carbureter. 

Aug.  5,  1913.    Johnson.    Carburetor. 

Aug.  19,  1913.    Booth.    Carburetor. 

Macey.    Carburetor. 

Sanders.    Carburetor. 

MttUer.    Carburetor. 


July  14,  1914. 
July  28,  1914. 
Sept  8,  1914. 
Oct  19,  1915.    Nichols. 
Be.  3,892  (95,412).    Mar.  22,  1870. 

carbureting  air  and  gas. 
Be.  6,376  (67,971).    Apr.  13,  1875. 

paratus. 
Be.  6,431  (51,128).    May  18,  1875. 

carbureting  air. 
Be.  13,498.    Dec.  17,  1912.    Bustard.    Carburetor. 
1,191,097.    July  11,  1916.    Spiers.    Carbuetor. 


Carburetor. 

Barbarin.    Improvement  In  apparatus  for 

Fraser.    Improvement  in  carbureting  ap- 

Bickford.    Improvement  in  apparatus  for 
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8,483 

107,858 

188,667 

5124J70 

646,320 

706,454 

906,548 

82,222 

110,946 

221,942 

515.440 

654,686 

707,467 

912.468 

88357 

116,563 

233,978 

518,582 

657.770 

707397 

929.135 

42,469 

117,998 

306.485 

522.418 

658,020 

716,227 

931.386 

55,395 

125,194 

307,132 

Re.  11,430 

659.476 

745,489 

941,393 

57,551 

127,031 

311.493 

554,630 

663,683 

749.768 

953,606 

63,511 

130,164 

324.177 

566,413 

673,365 

762.477 

940,916 

66,545 

138,160 

356,477 

566,415 

674,812 

772.551 

947,639 

66,777 

142,545 

860,944 

576,499 

679,018 

784.599 

951,590 

67,216 

150,827 

370,936 

586.923 

688,776 

817.218 

1,005,491 

76,535 

151,557 

403,839 

603,431 

689,460 

828.334 

1,014,138 

78,600 

156,463 

411,809 

607.888 

690.303 

836,795 

1,044.594 

80,268 

164.825 

422,322 

607,889 

690.681 

844.995 

1,062.273 

82,359 

167,170 

435,856 

613,167 

692.255 

853.196 

1,065,819 

96,073 

^75,827 
076,955 

457,803 

625.294 

697.807 

860,522 

1.091,784 

97,283 

484,721 

629,246 

702,637 

871,480 

1.095,510 

105.190 

178,973 

493,992 

639,336 

705.021 

887,017 

1,107.489 

SUBCLASS  167,  CABBT7BETOB8,  SUBMEBGED  BLAST,  COIL. 

50,029.  Sept  29, 1865.  Pond  &  Richardson.  Improved  apparatus  for  carburet- 
ing air. 

114,316.    May  2,  1871.    Marks.    Improvement  in  carburetors  for  air  and  gas. 

200,568.    Feb.  19,  1878.    Reed.    Improvement  in  carburetors. 

290,491.  Dec.  18,  1883.  SneU.  Means  for  faciUtating  tlie  passage  of  oil 
through  pipes  and  making  illuminating  gas. 

308,796.    Dec.  2,  1884.    Ransom.    Gas  machine. 

314.412.    Mar.  24,  1885.    Allender.    Hydrocarbon-gas  machine. 

451.218.    Apr.  28.  1891.    Bradley.    Grass  burner  for  railway  tracks 

502.781.    Aug.  8.  1893.    Smith.    Carburetor. 

615,100.    Nov.  29,  1898.    ParrotL    Carburetor. 

632,37a    Sept.  5,  1899.    Stanley.    Carburetor. 

762,27L    June  14,  1904.    Bennett  &  Moorwood. 

773,322.    Oct.  25.  1904.    Hlnman.    Carburetor. 

848,933.    Apr.  2.  1907.    Thlem.    Carburetor. 

865,060.    Sept.  3.  1907.    Rockwell.    Carburetor. 

895,273.    Aug.  4,  1908.    KeiteL    Carbureting  apparatus. 


Carburetor  for  motor  cars. 


53,481 
67,576 


Cross-reference  patents,  cUus  4S,  subclass  167. 

tS22,489        640.695        795,233     1.002.791 


168.290 
272,848 


275,268 
596,536 


SUBCLASS  168,  CABBXTBETOBS,  SUBFACE. 

24.200.  May  81,  1859.    Covel.    Hydrocarbon-vapor  apparatus. 

27,470.  Mar.  13,  1860.    Pease.    Hydrocarbon^vapor  apparatus. 

46,302.  Feb.  7.  1865.    McAvoy.    Improved  apparatus  for  carbureting  air. 

47.256.  Apr.  11. 1865.    Irwin.    Improved  apparatus  for  carbureting  air. 

47.550.  May  2.  1865.    Hurd.    Improved  apparatus  for  carbureting  air. 

53.979.  Apr.  17.  1866.    Hogan.    Improved  apparatus  for  carbureting  gas. 

58,559.  Oct.  2. 1866.    Stevens.    Improved  apparatus  for  carbureting  air. 

61.004.  Jan.  8, 1867.    Gilbert  et  al.    Improvement  in  apparatus  for  carbureting 

air. 

61.656.  Jan.  20.  1867.    Douglas  &  Walton.    Improved  apparatus  for  carburet- 

Simonds.    Improved  apparatus  for  carbureting  air. 
Spence.    Improved  hydrocarbon-vapor  machine. 
Cozzens  &  Jones.    Improved  apparatus  for  carbureting 

H.  Johnson.    Improved  apparatus  for  carbureting  air 


Jan.  20.  1867. 

ing  air. 
64.156.  Apr.  28. 1867. 
69.087.  Sept  17,  1867. 
70.809.  Nov.  12.  1867. 

air. 
89.665.  May  5.  1869. 

or  gas. 
91.213.    June  15.  1869. 
98.288.    Aug.  3,  1869. 


Covel.    Improved  carburetor. 
Dyer.    Improved  gas  carburetor. 
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96,864.  Not.  2, 1869.  Tiffany.  Improved  apparatus  for  carbureting  and  apply- 
ing air  for  ligliting  and  lieating. 

99,274.  Jan.  25, 1870.  Spence  &  Towsley.  Improved  apparatus  for  carbureting 
air. 

105,378.    July  12, 1870.    Simonds.    Improvement  in  carbureting  apparatus. 

105,994.    Aug.  2, 1870.    Spence.    Improvement  in  apparatus  for  carbureting  air. 

114,709.    May  9, 1871.    Rex.    Improvement  in  apparatus  for  carbureting  air. 

114,787.    May  16,  1871.    Pitts.    Improvement  in  apparatus  for  carbureting  air. 

125,085.    Mar.  26, 1872.    Reznor.    Improved  apparatus  for  carbureting  air. 

151,153.    May  19,  1874.    Palmer.    Improvement  in  carburetors. 

.160,799.  Mar.  16,  1875.  Vougt.  Improvement  in  apparatus  for  the  production 
of  gas  from  hydrocarbon  liquid. 

174,073.    Feb.  29,  1876.    Gray.    Improvement  in  carburetors. 

183,884.    Oct  31,  1876.    Bangs.    Improvement  in  gas  carburetors. 

219,158.    Sept.  2,  1879,    Jackson.    Improvement  in  carburetors. 

234,055.    Nov.  2,  1880.    Ormsby.    Carbureting  apparatus. 

234,108.    Nov.  2,  1880.    Ruthven.    Carbureting  apparatus.         ^ 

238,141.    Feb.  22,  1881. .  McKensle  &  Mason.    Carburetor.  ^ 

245,443.    Aug.  9,  1881.    Callahan.    Carburetor. 

288,952.  Nov.  20,  1883.  MaUer.  Combined  gas  engine  and  carbureting  appa- 
ratus. 

302,442.    July  22,  1884.    Strong.    Carburetor. 

333,508.    Jan.  5,  1886.    English.    Carburetor. 

347,663.    Aug.  17,  1886.    Tibbets.    Apparatus  for  carburetor  gas. 

409,570.    Aug.  20,  1889.    Elder.    Carburetor. 

433,336.  July  29,  1890.  Fiesse.  Apparatus  for  oxygenating  and  carbureting 
air. 

545,048.    Aug.  27, 1895.    Brunner.    Carburetor. 

545,125.    Aug.  27,  1895.    Grist.    Vaporizer  for  gas  motors. 

614,400.  Nov.  15,  1898.  Lee  et  al.  Composition,  process  of,  and  apparatus  for 
making  gas. 

670,433.    Mar.  28,  1901.    Powers.    Carburetor. 

671,375.    Apr.  2,  1901.    GallaMer.    Carburetor. 

677,767.  July  2,  1901.  Jeffery.  Hydrocarbon  spraying  device  for  gasoline 
engines. 

682,905.    Sept  17, 1901.    Bland.    Vaporizer  for  explosive  engines. 

♦683,110.  Sept  24,  1901.  Felbaum.  Mixing  and  vaporizing  device  for  ex- 
plosive engines. 

693.462.  Feb.  18,  1902.    Titus.    Combined  carburetor  and  gasoline  regulator. 
727,635.    May  12,  1903.    Jeffery.    Carburetor. 

742,452.    Oct  27,  1903.    De  Laltte.    Carburetor. 
758,902.    May  3,  1904.    Dickinson.    Vaporizer  for  explosive  engines. 
774,798.    Nov.  15,  1904.    Thompson.    Carburetor. 
♦775,614.    Nov.  22,  1904.    Swain.    Carburetor  for  explosive  engines. 
777,390.    Dec  13,  1904.     O'Shea.    Carburetor. 
790,025.    May  16,  1906.     Bennett    Air  carburetor. 
792,158.    June  13,  1905.    Olds.    Vaporizing  device  for  explosive  engines. 
♦837,984.    Dec.  11,  1906.    Vail.    Vaporizer  for  Internal-combustion  engines. 
853,915.    May  14, 1907.    Bowles  et  al.    Apparatus  for  extracting  gas  from  gaso- 
line. 
♦857,111.    June  18,  1907.    Rice.    Vaporizer  for  gas  engines. 
872,505.    Dec.  3,  1907.    Gore.    Carburetor. 
♦886,283.    Apr.  28,  1908.    Wayrynen.    Carburetor. 
915,132.    Mar.  16,  1909.    Warstler.    Carburetor. 

916.463.  Mar.  30.  1909.    Looby.    Carburetor. 
♦917,264.    Apr.  6,  1909.    De  Thay.    Carburetor. 
951,923.    Mar.  15,  1910.    Van  Buren.    Carburetor. 
957,731.    May  10,  1910.    Brady.    Carburetor. 
961,42a    June  14,  1910.     Sturtevant    Carburetor. 
975,038.    Nov.  8,  1910.    Hockman.    Carburetor. 
979,907.    Dec.  27,  1910.    White.    Carburetor. 
1,108,081.    Aug.  18,  1914.    Oliver.    Carbureting  apparatus. 
♦1,110,453.    Sept.  15,  1914.    Monosmlth.    Carburetor. 
1,136,997.    Apr.  27,  1915.     Bennett    Carburetor. 
♦1,141,796.    June  1,  1915.     Hertzog.    Carburetor. 
1,146,441.    July  13, 1915.    Oliver.    Carbureting  apparatus. 


Digitized  by 


Google 


AEB0NAUTI08. 


121 


,183,8ft4.    May  23,  1916.    Gardner.    Carburetor. 

B.  2,803  (27,470).    Mar.  10, 1868.    Pease.    Hydrocarbon  vapor  apparatus. 

i,  3,225  (46,802).    Dec.  8,  1868.    Mix.    Improved  apparatus  for  carbureting 

air. 
B.  6,754  (91,213).    Nov.  28,  1875.    Austin.    Improvement  in  automatic  feed 

and  absorption  carburetors. 


Cross-reference  fmtents,  class  48,  suhcUiss  168, 


24,199 
47,986 
50.250 
52,946 
55,950 
63,215 
64,776 
65,705 
66,067 
66.071 
70.014 
72,825 


79,667 

83,147 

84,234 

103,994 

104,642 

111,175 

127,039 

Re.  5,465 

149,111 

153.538 

Re.  6.070 

160,600 


162.848 
163,323 
176349 
184,049 
189,727 
190,714 
193,407 
194,121 
199,928 
203,458 
211,194 
213,351 


226,122 
238,818 
248,750 
261.861 
308.886 
311.858 
312,289 
353,311 
379,129 
890,037 
427,225 
500.772 


587,867 
620,496 
620,586 
622,008 
672.854 
701390 
706,600 
720,336 
738,604 
737,738 
742,920 
749,768 


772,530 
876,678 
885,230 
964,657 
951,501 
973,882 
976,322 
976,781 
976,885 
989,697 
989,848 
990,848 


990,159 
1,050,322 
1,109,085 
1,123,469 
1,125,368 
1,157,363 


SUBCLASS  160,  CABBURET0B6.   SURFACE,  FLOAT. 


.549. 
.883. 
,473. 
.991. 
.918. 
^937. 
,483. 


June  5,  1860.    Ashcroft. 
Nov.  1,  1864.    Odiorne. 
Nov.  6,  1866.     Stevens. 
Nov.  27,  1866.    Frank. 
Feb.  12,  1867.    Pierce. 
July  23,  1867.    Pierce. 

Oct.  1,   1867.    Richardson  &  Pond.     Improvement   in  generating  gas 
from  hydrocarbon  liquids. 
,665.    Dec.  3, 1867.    Thompson  &  Hall.    Improved  carbureting  apparatus. 
Blerce.    Improved  apparatus  for  carbureting. 
Bassett.    Improved  apparatus  for  the  manufacture  of 


Apparatus  for  naphthalizing  gases. 

Improved  apparatus  for  carbureting  air. 

Improved  apparatus  for  carbureting  air. 
Improved  apparatus  for  carbureting  air. 
Improved  apparatus  for  carbureting  gas. 

Improved  apparatus  for  carbureting  gas. 


.073.     Jan.  7,  1868. 
,239.     Oct.  20,  1868. 

illuminating  gas. 
,332.    Nov.  24,  1868.    Wood. 
,192.    Feb.  23,  1869.    Paine. 

drocarbon  vapors. 
4,716.    June  28,  1870, 

carbureting  air. 
5,190.     July  12,  1870. 
5,147.     Mar.  28,  1871. 

chines. 
5,684.     June  6,  187t 

matic  gas. 
5.302.     Aug.  22, 1871. 

and  gas. 
IJ>10.     Sept.  10,  1872. 

gas  burners. 
1,369.     Sept.  17.  1872.    Ofeldt. 
1,943.     Oct.  8,  1872.    Dayton. 
5.228.     Feb.  28,  1873.     Elston. 


Improved  apparatus  for  carbureting  air. 
Improved  apparatus  for  charging  air  with  hy- 


Dupas  &  Barbarin.    Improvement  in  apparatus  for 

Galagher.    Improvement  in  gas  machines. 

Dupas  &  Barbarin.    Improvement  in  carbureting  ma- 

Bloomfleld.    Improvement  in  the  manufacture  of  pneu- 

TirrlU.    Improvement  in  apparatus  for  carbureting  air 

Butler.    Improvement  in  carbureting  attachments  for 

Improvement  in  carburetors. 
Improvement  in  carburetors  for  air  and  gas. 
Improvement  in  carburetors. 
L,968«    Aug.  19,  1873.    Van  Houten.    Improvement  in  apparatus  for  carbu- 
reting air. 
t,523.     Oct.  7,  1873.    McMillan.    Improvement  in  carburetors. 
Nov.  23,  1873.    Musgrave.    Improvement  in  carburetors. 
Carr.    Improvement  in  carburetors. 
Gray.    Improvement  in  carburetors. 
Blckford.    Improvement  In  carburetors. 
Foster.    Improvement  In  carbureting  gas  machines. 
Wiggln.    Improvement  in  carburetors. 
Stewart.    Improvement  in  carburetors. 
Blckford.    Improvement  in  carouretors. 


1,858 
J.313. 
\256. 
S.523. 
r,543. 
,751- 
1,973. 
t,345. 
>,419. 
(,304. 


Jan.  13,  1874. 
Feb.  10,  1874. 
Apr.  27,  1875. 
Apr.  27,  1875. 
Jan.  4.  1876. 
Jan.  20,  1876. 
Sept.  19,  1876. 
May  8,  1877. 
Oct.  23,  1877. 


Cningroan. 
Meredith. 


Improvement  in  floats  for  carburetors. 
Improvement  in  carburetors. 
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211,176.  Jan.  7,  1879.    Ofeldt.    Improvement  in  carburetors. 

223J63.  Jan.  20,  1880.    Sanders.    Carbureting  apparatus. 

225,435.  Mar.  9,  1880.    Strong.    Apparatus  for  enriching  and  economizing  coal 

gas. 

227,853.  May  18,  1880.    Soule.    Carburetor. 

230,656.  Aug.  3,  1880.    Radkey.    Carburetor. 

244.434.  July  19,  1881.    Clingman.    Carburetor. 
251,673.  Dec.  27,  1881.    Barry.    Carburetor. 
254,243.  Feb.  28,  1882.    Small.    Carburetor. 
306,331.  Oct  7,  1884.    Gardner  et  al.    Gas  machine. 
306,485.  Oct  14,  1884.    Hartfeldt    Gas  generator. 

309,467.  Dec.  16,  1884.    James.    Apparatus  for  enriching  coal  gas. 

355,594.  Jan.  4,  1887.  Daimler.  Apparatus  for  impregnating  air  with  hydro- 
carbon vapor. 

362,197.  May  3,  1887.   Bennett.    Carbureting  apparatus. 

370.149.  SepL  20,  1887.    Leede.    Carburetor. 
371,034.  Oct.  4,  1887.    Collins.    Carburetor. 
423,257.  Mar.  11,  1890.    Huber.    Carburetor. 
433.495.  Aug.  5,  1890.     Smith.    Carburetor. 
475,972.  May  31,  1892.    Badlam.    Carburetor. 
528,377.  Oct.  30,  1894.    Moncur.    Carburetor. 
543,611.  July  30,  1895.    Clingman.    Carburetor. 
546,815.  Sept  24,  1895.    Hain.    Carburetor. 
557,086.  Mar.  24,  1895.    Schroeder.    Gas  enricher. 
562,214.  June  16,  1896.    Burrows.    Vapor-gas  apparatus. 

596,560.  Jan.  4,  1898.    Welch.    Process  of  and  apparatus  for  generating  gas. 

608,531.  Aug.  2,  1898.    Stephenson.    Carburetor. 

622,808.  Apr.  11,  1899.    Kemp.    Carburetor. 

629.581.  July  25,  1899.    Martenette.    Carburetor. 

638,557.  Dec.  5,  1899.    Cary.    Carburetor. 

642,187.  Jan.  30,  1900.    Welch.    Carbureting  apparatus. 

643,397.  Feb.  13,  1900.    Broichgans.    Carburetor. 

649.435.  May  15,  1900.    Carter  &  Zlerlein.    Carburetor. 
653.534.  July  10,  1900.    Shearer.    Carburetor. 
656,495.  Aug.  21,  1900.    Anderson.    Carburetor. 
659,438.  Oct.  9,  1900.    Egan.    Carburetor. 

665,743.  Jan.  8,  1901.    Kern.    Carburetor. 

669.157.  Mar.  5,  1901.    Carter  &  Zlerlein.    Carburetor. 

708,826.  Sept  9,  1902.    Paul  &  Gundlack.    Carburetor. 

712.150.  Oct.  28,  1902.    Parrett.    Carburetor. 
733,498.  July  14,  1903.    Maurer.    Carburetor. 
742,533.  Oct  27,  1903.    Walther.    Carburetor. 
744,877.  Nov.  24,  1903.    Parrott    Carburetor. 
773,231.  Oct.  25,  1904.     Smith.    Carburetor. 
776,542.  Dec.  6,  1904.    Paul.    Carburetor. 

782,980.    Feb.  21,  1905.    Moehn.    Carbureting  apparatus. 

816,267.    Mar.  27,  1906.    Steel.    Carbureting  apparatus. 

819,074.    May  1,  1906.    Monroe.    Gas-generating  madtiine. 

887,230.    May  12,  1908.    Rife.    Carburetor. 

951,590.    Mar.  8,  1910.    Brown.    Carburetor. 

1,049,278.    Dec.  31,  1912.    Ruthven.    Carburetor. 

1,055,891.    Mar.  11,  1913.    Doudney.    Carbureting  apparatus. 

1,064,102.    June  10,  1913.    Smith  &  Keiver.    Carburetor. 

1,141,276.    June  1,  1915.    Smith.    Carburetor. 

1,155,184.    Sept.  28,  1915.    Winger.    Carburetor. 

Be.  1,024  (28,549).  A\ig.  14,  1860.  Ashcroft  Improvement  in  apparatus  for 
naphthalizing  gases. 

Re.  2,253  (44,883).  May  22,  1866.  Odiome.  Improved  apparatus  for  carbu- 
reting air. 

Cro88-reference  patents,  cUus  48,  tubclast  169. 

149,060        817,197        661,660        886,403        947,689        960,825      1,113392 
267,933        317,686        797,615        940,916 


Digitized  by 


Google 


AEBONAUTIOS.  123 

SUBCLASS   219,  PB0CBS8KS,  CABBUBETIirGw 

18,017.  liar.  24,  1868.  Simonds  &  Warner.  Improvement  in  treating  gas  for 
illumination. 

i0,d85.  Oct.  10,  1806.  Pond.  Improyement  in  the  manufacture  of  illuminat- 
ing gas. 

10,491.    Oct  17,  1865.    Pond.    Improved  apparatus  for  carbureting  air. 

»5358.  June  5,  1866.  Pond  &  Richardson.  Improvement  in  generating  and 
supplying  illuminating  gas. 

16,070.  June  25,  1867.  Bassett  Improvement  in  the  manufacture  of  il- 
luminating gas. 

7,796.    Aug.  13,  1867.    Pedrick.    Improved  process  for  treating  petroleum. 

00,534.    Mar.  8,  1870.    Lawrence.    Improvement  in  carbureting  air. 

.07,268.    Sept.  13,  1870.    Kidder.    Improvement  in  carbureting  apparatus. 

10,427.  Dec.  27,  1870.  Boynton.  Improvement  in  the  methods  of  producing 
illuminating  gas. 

28,357.    June  1,  1880.    Jackson.    Process  of  carbureting  gas  and  air. 

77,735.    Feb.  14,  1888.    Bidelman.    Process  of  carbureting  air. 

i20,797.  Feb.  4,  1890.  Hollingsworth.  Process  of  vaporizing  liquid  hydro- 
carbons and  supplying  the  vapor  to  burners. 

25,877.    Apr.  15, 1^.    Hanford.    Process  of  carbureting  air  or  gas. 

67,266.    Jan.  19,  1892.    Stringfellow.    Process  of  manufacturing  gas. 

83,489.    Sept  27,  1892.    Bidelman.    Manufacture  of  gas. 

87,617.    Dec.  6,  1892.    Grlffes  &  Clarke.    Process  of  carbureting  air. 

99.483.  June  13,  1893.    Tatham.    Method  of  making  gas. 

79,415.  Mar.  23,  1897.  Van  Norman.    Manufacture  of  carbureted-air  gas. 

84,349.  June  15,  1897.  Grlffen.    Process  of  carbureting  gas. 

45,425.  Mar.  13,  1900.  McAllister.    Process  of  carbureting. 

56.484.  Aug.  21,  1900.  Shearer.    Process  of  carbureting  air  or  gas. 
78.973.  July  23,  1901.  North.    Process  of  making  carbureted  air. 
21,957.  Mar.  8,  1903.  Kuenzel.    Process  of  producing  combustible  fluid. 
49,767.  Jan.  19,  1904.  Wilson.    Process  of  producing  carbureted  air. 

55.094.  May  28,  1907.    Busenbenz.    Gas-manufacture  process. 

65,624.  Sept  10,  1907.  Ziegler.  Process  for  the  manufacture  of  illuminating 
and  heating  gas. 

85.095.  Apr.  21, 1908.    Solomon.    Method  of  producing  gas  from  alcohol. 
78353.    Dec.  20,  1910.    Cutter.    Method  of  and  apparatus  for  making  gas. 
^019,430.    Mar.  5,  1912.    Dawson.    Method  of  carbureting  air. 

,042,567.    Oct  29,  1912.    Kuenzel.    Process  for  producing  combustible  gas. 
,183,989.    May  23,  19ia    Whittelsey.    Vaporizing  process. 

Ora8$'referetice  patents,  cla$$  48,  suhctOM  219. 

2,857  94,860  119,663  268,878  464,779  590,898  614,400 

66,069  110,946  163,823  349,211  511,950  596,560  1,109,777 

69,488  114,744  169,428  856,477  627,789  607,417  1^50,782 

72,118  117,908  206,196 

LIST  No.  2. 

iBOflS-RKTSBBNCB  PATENTS  TBOIC   LiST  No.   1,  WTTH   PATENTS  BELONGING  IN,  OB 

rbqxtlablt  Assigned  to,  the  Subclasses  or  List  No.  1  Oicitted. 

,433.    Oct  14,  1851.    Warner.    Lamp  for  burning  vapor  of  benzol,  etc 

,967.   Aug.  30,  1853.    Drake.    Benzol  vapor  apparatus. 

1,720.    Mar.  19, 1861.    KendalL    Apparatus  for  naphthalizing  gas. 

g,g^»     Apr.  30,  1861.    Gwynne.    Apparatus  for  naphthalizing  gas. 

5,984.  July  29,  1862.  Bassett  Improvement  in  apparatus  for  carburet- 
ing gas. 

8,770.    Mar.  14,  1865.    Bassett    Improvement  of  burners  for  carbureted  air. 

7,966.  May  80,  1865.  Salisbury.  Improved  apparatus  for  the  manufacture 
of  gas. 

8,116.  July  8,  1866.  Stevens.  Improvement  in  treating  gas  for  illumination 
and  other  purposes. 

2JSSe.    Mar.  12, 1867.    Kidd.    Carburetor. 
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70,014.     Oct  22,  1887.     Pease.     Improved  carburetor  for  locomotive  head- 

light& 
72,118.    Dec.  10,  1807.    Terry.    Improvement  In  manufacturing  Illuminating 

gas. 
73,900.    Jan.  28, 1868.    Jenkins.    Improved  carbureted-alr  lamp. 

76.535.  Apr.  7,  1868.    Sloan.    Improved  apparatus  for  generating  gas. 
84,234.    Nov.  17, 1868.    Verstraet.    Improvement  in  hydrocarbon  burners. 

89.536.  Apr.  27,  1869.    Wood.    Improvement  in  lamps. 

90,436.    May  25,  1869.    Dunderdale.    Improvement  in  carburetors. 

107.743.  SepL  27,  1870.  Whitney.  Improvement  in  gas-carbonizing  attach- 
ments for  lights. 

110,005.    Dec.  18,  1870.    Brown.    Improvement  in  gaslights. 
114,358.    May  2,  1871.    Simonds.    Improvement  in  gas  machines. 

114.744.  May  16,  1871.  Ambuhl.  Improvement  in  apparatus  for  carbureting 
hydrogen  gas. 

115,988.    June  13,  1871.     Sloper.     Improvement  in  apparatus  for  carbureting 

air. 
119,663.    Oct  8, 1871.    Springer.    Improvement  in  gas  machines. 
128,321.    June  25, 1872.    Myer.    Improvement  in  apparatus  for  the  manufacture 

of  Illuminating  gas. 
130,164.    Aug.  6, 1872.    Symes.    Improvement  in  apparatus  for  the  manufacture 

of  gas. 
132,132.    Oct  15, 1872.    BalL    Improvement  in  carbureting  gas  lamps. 
133,118.    Nov.  19,  1872.    Post    Improvement  in  carbureting  lamps. 
138,160.    Apr.  22,  1873.    Irland.    Improvement  in  gas  generators. 
138,715.    May  6, 1873.    Tilden.    Improvement  in  gas  machine. 

143.534.  Oct,  7, 1873.    Shaler.    Improvement  in  carburetors. 

149,060.  Mar.  81,  1874.  Ramsdell.  Improvement  in  the  manufacture  of 
wood  gas. 

151,657.  June  2,  1874.  Bingham.  Improvement  in  the  manufacture  of  hydro- 
gen gas. 

153,952.    Aug.  11,  1874.    Hawes.    Improvement  in  gas-carbureting  machines. 

156,172.  Oct  20,  1874.  Olney.  Improvement  In  processes  and  apparatus  for 
the  manufacture  of  illuminating  gas. 

163,323.    May  18, 1875.    Martin.    Improvement  in  the  manufacture  of  gas. 

163.535.  May  18,  1875.    Shaler.    Improvement  in  carburetors, 
167,150.    Aug.  31,  1875.    Ball.    Vapor  burner. 

168,910.  Oct  19,  1875.    Marlw.    Improvement  in  carburetors. 

177,191*  May  9, 1875.    Ball.    Improvement  in  lamps. 

189,727.  Apr.  17, 1877.    Greenough.    Apparatus  for  producing  illuminating  gas. 

190,673.  May  15, 1877.    Dopp.    Improvement  in  hydrocarbon  liquid  attachments 

for  gas  burners. 

191,381.  May  29,  1877.    Spengler.    Improvement  in  oil-gas  burners. 

192,825.  July  10, 1877.    Hangliter.    Improvement  in  apparatus  for  carbureting 

air. 

194,121.  Aug.  14,  1877.    Austin.    Improvement  in  lamps  for  burning  naphtha 

gas. 

397,944.  Dec  11, 1877.    Palmer.    Improvement  in  carbureting  lamps. 

206,999.  Aug.  13,  1878.    BalL    Improvement  in  carbureting  lamps. 

210,717.  Dec.  10, 1878.    Sloane.    Improvement  in  carburetors  for  cars. 

213,351.  Mar.  18,  1879.    Roth.    Improvement  In  carburetors. 

225.77a  Mar.  23, 1880.    Wittig  &  Hees.    Gas  engine. 

228,547.  June  8,  1880.    Maxim.    Gas  apparatus. 

238,757.  Mar.  15,  1881.    Brainard.    Carburetor. 

240,994.  May  8,  1881.    Gaume.    Gas  engine. 

242,379.  May  31,  1881.    Dhaler.    Carburetor. 

249,160.  Nov.  8,  1881.    Crocker.    Cooking  apparatus. 

252,307.  Jan.  17,  1882.     Fagan.     Device  for  burning  air  and  hydrocarbon 

vapors. 

261,861.  Aug.  1,  1882.    Litchfield  &  Henshaw.    Burning  and  carbureting  air. 

267,933.  Nov.  21,  1882.    Ramsdell.    Apparatus  for  manufacturing  wood  gas. 

275,238.  Apr.  3,  1883.    Marcus.    Vaporizer. 

278,281.  May  28,  1883.    Shaler.    Carburetor. 

284,373.  Sept.  4,  1883.    Brough.    Carb\iretor. 

286,030.  Oct  2.  1883.    Marcus.    Gas  engine. 

302,045.  July  15,  1884.    Spiel.    Gas  engine. 
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Dec.  2,  1884.    Paquellu  et  al.    Veterinary  canterizer. 
Dec.  30,  1884.    Et^ve  &  De  Braam.    Carbureted-air  engine. 
Feb.  17,  1885.    Roy.    Cauterizing  apparatus. 

May  5, 1885.    Ramsdell.    Apparatus  for  manufacturing  gas  from  wood. 
Feb.  23,  1886.    Leede.    Automatic  carbureting  lamp. 
Feb.  23,  1886.    Leede.    Automatic  carbureting  lamp. 
Sept  14,  1886.    Ck>ttrell.    Method  of  and  apparatus  for  carbureting 
mixing  gas. 

Oct.  5, 1886.    Humee.    Hydrocarbon  vapor  englna 
Oct.  5,  1886.    Merrltt.    Carburetor. 
0,7" ^S9.    Oct.  12,  1886.    Ragot  &  Smyers.    Petroleum  and  gas  motor. 
,4:7^.    Jan.  25,  1887.    Johnston.    Process  of  and  apparatus  for  manufacturing 

11 X  nominating  gas. 
,94^^.     Apr.  12,  1887.    Averell.     Process  of  and  apparatus  for  generating 
ilXximinatlng  gas.  *, 

Holt  &  Croasley.    Gas  motor  engine. 
Daimler.    Engine-driven  vehicle. 
Bennett.    Carbureting  lamp. 
Sanders.    Car  motor. 
King  &  Brown.    Carburetor. 
Prlestman.    Motor  engine  operated  by  the  combustion 


^>S56! 

H^,813. 

^1,036, 


Gas  or  gasoline  engine. 
Beckfield  &  Schmld.    Gas  engine.     ' 
Young.    Carbureting  street  lamp. 
Roy.    Cauterizing  apparatus. 
McClelland  et  al.    Vapor  stove. 
Dawson.    Carbureting  apparatus. 
Parker.    Carburetor. 
Dlederlchs.    Vapor  engine. 
Frost.    Carburetor  and  attachment  for  lamps  connected 


Sept.  80,  1887. 

Jan.  17,  1888. 

Feb.  28,  1888. 

Mar.  6,  1888. 

June  26,  1886. 

July  10,  1888. 
.    o^    liquid  hydrocarbon. 
^30-7.     May  14,  1889.    Parker. 

Feb.  15,  1890. 

Mar.  11,  1890. 

Mar.  11,  1890. 

Apr.  1,  1890. 

June  3,  1890. 

Sept  2,  1890. 
Nov.  4,  1890. 

Apr.  28,  1891. 
therewith. 

*477;295.    June  21,  1892.    Charter.    Gas  engine. 
488,451    Dec.  20,  1892.    Roy.    Thermocauter. 
489,762.    Jan.  10,  1893.    Ruthven.    Gas  cooking  apparatus. 
490,415.    Jan.  24,  1893.    Reid  et  al.    Lamp. 
497,048.    July  16,  1888.    Durand.    Carbureted-alr  engine. 
500,477.    June  27,  1893.    Drysdale.    Valve  for  hydrocarbon  engines. 
♦504,723.    Sept.  12,  1893.    Gray.    Hydrocarbon  engine. 
(>05,767.    Sept.  26,  1893.    Irgene.    Gas  or  petroleum  engine. 
507,989.    Nov.  7,  1893.    BrUnler.    Petroleum  motor. 
512,270.    Jan,  9,  1894.    Blakeley.    Apparatus  for  manufacturing  gas. 

515.440.  Feb.  27,  1894.    McGarrler.    Carburetor. 

538,791.    May  7,  1895.    ^lelchardt.    Carburetor  for  thermocauters. 

541.441.  June  16,  1895.    Lee.    Thermocauter. 

•542,043.    July  2,  1895.    Charter.    Governor  for  gas  engines. 

542,410.     July  9,  1895.    Griffin.    Liquid-hydrocarbon  motor. 

548,689.     Oct.  29,  1895.    Wirschlng.    Thermocauter. 

*549.939.    Nov.  19,  1895.    Seek.    Marine  hydrocarbon  motor. 

♦550,675.    Dec.  3,  1895.    Colborne.    Gas  or  vapor  engine. 

552,312.     Dec.  31,  1895.    Battey.    Motor  for  bicycles. 

552,718.     Jan.  7,  1896.    Prlestman.    Hydrocarbon  engine. 

554,207.     Feb.  4,  1896.    Woodard.    Vapor  stove. 

554,699.     Feb.  18,  1896.    Johnson.    Gas  generator  or  vaporizer. 

•555,717.     Mar.  3,  1896.    Weinman  et  al.    Gas  engine. 

555.373.     Feb.  25,  1896.    Henroid-Schweizer.    Petroleum  motor. 

♦557,496.    Mar.  31.  1896.    Duryea.    Engine  or  motor. 

562,307.    June  16,  1896.    Lamos.    Gas  engine. 

•563,541.     July  7,  1896.    Allman.    Vaporizer  for  oil  engines. 

563,548.     July  7,  1896.    Bodell.    Gas  or  c>ll  engine. 

564,155.     July  14,  1896.    Millet    Velocipede. 

564,769.    July  29,  189a    Swain.    Gas  or  oil  engine^ 

568,017.     Sept.  22,  1896.    Cundall.     Oil  and  gas  motor  engine. 

574,614.    Jan.  5,  1897.    Lamos.    Gas-engine  attachment 

575,720.    Jan.  26,  1897.    Ledent    Gas  engine. 

582,073.    May  4,  1897.    Mead.    Gas  or  oil  en^^lne. 
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583,982.    June  8,  1897.    Davis.    GascAine  and  gas  engine. 

•585,115.    June  22,  1897.    Miller.    Gas  engine. 

*587,627.    Aug.  3,  1897.    Williams.    Gas  engine. 

692,794.    Nov.  2,  1897.    Lanchester.    Gas  or  oil  motor  engine. 

593,034.    Nov.  2,  1897.    Spacke.    Gas  engine. 

596,536.    Jan.  4,  1898.    Park.    Ck)mbined  gasoline  blowpipe  and  burner. 

602,820.    Apr.  23,  1898.    Beck.    Gas  engine. 

•605,815.    June  14,  1898.    Duryea.    Gas  engine. 

609,031.    Aug.  30,  1898.    Parker.    Carburetor. 

612,258.    Oct.  11,  1898.    Mead.    Gas  or  oil  engine. 

♦613,757.    Nov.  8,  1898.    Carnell.    Gas  engine. 

617,530.    Jan.  10,  1899.    Howard.    Direct  conversion  of  energy  of  fuel  and  an 

expansion  medium  Into  power. 
620,496.    Feb.  28,  1899.    Ravenfiz.    Carburetor. 
<  622,891.    Apr.  11,  li99.    Graef.    Gas  engine. 
623,190.    Apr.  18,  1899.    Stoddard.    Explosive  engine. 
623,361.    Apr.  18,  1899.    Frew.    Oscillating  gas  or  steam  engine. 
♦625,887.    May  30,  1899.    Lair.    EAgine. 
627,359.    June  20,  1899.    Steele.    Automobile  vehicle. 
♦627,857.    June  27,  1899.    Knox.    Gas  engine. 
628,222.    July  4,  1899.    Hewitt.    Vapor  blowpipe. 
♦632,859.    Sept.  12,  1899.    Walrath.    Explosive  engine. 
632,888.    Sept.  12,  1899.    Ayres.    Gas  engine. 
633,014.    Sept.  12,  1899.    Lawson.    Motor  vehicle. 
635,456.    Oct.  24,  1899.    Wood  &  Eddy.    Gasoline  lamp. 
637,299.    Nov.  21,  1899.      Strong.    Oil-vaporizing  device  for  gas  engines. 
♦645,044.    Mar.  6,  1900.    Otto.    Gas  engine. 

♦657,140.    Sept.  4,  1900.    Starr  &  Cogswell.    Explosive  gas  engine. 
659,911.    Oct.  16,  1900.    Barnard.    Gas  engine. 
♦660,482.    Oct.  23,  1900.    Bates.    Rotary  explosive  engine. 
662,922.    Dec.  4,  1900.    Dudley.    Branding  iron. 
♦6644^00.    Dec.  18,  1900.    White.    Gasoline  engine. 
668,952.    Feb.  26,  1901.    Carson.    Desulphurizing  coppe  matte. 
672,500.    Apr.  23,  1901.    Van  Duzen.    Vaporizing  device  for  crude-oil  explosive 

engines. 
673,138.    Apr.  30,  1901.    Miller.    Governing  device  for  explosive  engines. 
♦677,283.    June  25,  1901.    Secor.    Oil-feed  device  for  explosive  motors. 
679,018.    July  23,  1901.    Fischer.    Oil  feed  for  carburetors. 
679,389.    July  30,  1901.    McCall.    Governor  for  explosive  engines. 
♦686,092.    Nov.  5,  1901.    Lear.    Vaporizer  for  gasoline  engines. 
♦686,101.    Nov.  5,  1901.    Maybach.    Regulation  device  for  explosion  motors. 
690,486.    Jan.  7, 1902.    Tomllnson.    Apparatus  for  the  vaporization,  combustiont 

and  utilization  of  hydrocarbon  oils. 
♦690,610.    Jan.  7,  1902.    Richardson.    Hydrocarbon  engine. 
692,071.    Jan.  28,  1902.    Pugh.    Explosive  engine. 
692,860.    Feb.  11,  1902.    Kemp.    Carburetor. 
♦696,146.    Mar.  25,  1902.    Rlotte.    Mixing  or  spraying  device. 
698,895.    Apr.  29,  1902.    Beck.    Continuous-combustion  turbine. 
♦703,769.    July  1,  1902.    De  Long.    Motor  vehicle. 
706,482.    Aug.  5,  1902.    WIrschlng.    Thermocauter. 
♦706,494.    Aug.  5,  1902.    Minogue.    Motive-power  engine. 
♦710,841.    Oct.  7,  1902.    Brush.    Mixing  valve  for  gas  or  gasoline  engines. 
♦726.986.    May  5,  1903.    Peteler.    Carburetor  for  gas  engines, 
♦730,084.    June  2,  1903.    Boulfuss.    Gas  or  vapor  engine. 
733,444.    July  14,  1903.    Washburne.    Carburetor. 
734,772.    July  28,  1903.    Strowger.    Carbureting  lamp. 
737,738.    SepL  1,  1903.    Hitchcock.    Vapor  generator. 
♦740,571.    Oct.  6,  1903.    Joranson.    Gas  engine. 
745,055.    Nov.  24,  1903.    Harris.    Explosive  engine. 
745,578.    Dec.  1,  1903.    Dean.    Apparatus  for  supplying  explosiye  engines  with 

explosive  mixtures. 
747,190.    Dec.  15.  1903.    Krauss.    Motor  wheel  for  bicycles  or  other  vehicles. 
♦747,264.    Dec.  15,  1903.    Sturtevant.    Carburetor  for  explosion  eoglnes. 
750,764.    Jan.  26,  1904.    Harmany.    Carburetor. 
753,510.    Mar.  1,  1904.    Murdock.    Gas  engine. 
758,790.    May  8,  1904.    SnelL    Cfurburetor. 
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Hay  17,  1904.    Ranney.    Carburetor. 

kug.   16,   1904.     Bromley.     Centralizing  operating  mechanism  for 
I. 

lug.  23,  1904.    Maton.    Carbureting  lamp. 
Oct.  18,  1904.    McGee.    Carburetor  for  gasoline  engines, 
^ov.  1,  1904.    Chace.    Oil  burner, 
ipr.  25,  1905.    Reichenbach.    Self-carbureting  lamp. 
Iday  23,  1905.    Stelle.    Explosive  engine. 
June  6,  1905.    Richard.    Gas  or  explosion  engine. 
Aug.  8,  1905.     Fergusson  &  Sheppy.     Carburetor  for  hydrocarbon 

3ct.  8,  1905.    Drummond.    Internal-combustion  engines. 
3ct,  10,  1905.    Low.    Hydrocarbon  motor. 
Dec.  5,  1905.    Farwell.    Rotary  explosive  engine. 
Dec.  5,  1905.    Bucklin.    Spraying  device. 
Dec.  12,  1905.    Sale.    Carburetor. 
Dec.  12,  1905.    Low.    Hydrocarbon  motor. 
Dec.  19,  1905.    Lyon.    Crude-oil  engine. 
Jan.  23,  1906.    Reynolds.    Rotar>'  explosive  engine; 
Feb.  20,  1906.    Low.    Hydrocarbon  motor, 
reb.  27,  1906.    Holgate.    Carburetor, 
klar.  27,  1906.    Heckert.    Gas  engine. 
May  29,  1906.    Welcome.    Internal-combustion  engine. 
June  19,  1906.    Schmidt.    Carburetor-control  mechanism  for  motor 
es. 

3ept.  4,  1906.    Frantz.    Explosive  engine. 
Oct.  2,  1906.    Carlson  &  Shlmpf.    Carburetor. 
Mar.  12,  1907.    Hobart.    Feed  governor  for  oil  engines. 
Vlar.  12,  1907.    Mason  &  Sinclair.    Carburetor. 
Apr.  9,  1907.    Gaeth.    Carburetor.  •     . 

^pr.  80,   1907.    Hennig.    Governing  means   for   internal-combustion 
». 

June  4,  1907.    Miller.    Speed-controlling  mechanism  for  explosive 
s. 

July  2,  1907.    Dalkranlan.    Carburetor. 

Dct.  8,  1907.    Rothe.    Fuel-valve  controller  for  hydrocarbon  engines. 
Oct  6,  1907.    Coleman.    Engine  starter. 
Oct.  15,  1907.    Low.    Hydrocarbon  motor. 
Dec.  3,  1907.    Gibbs.    Internal-combustion  engine. 
Dec.  3,  1907.    Herbst.    Charge-forming  device  for  internal-combustion 
as. 

Feb.  11,  1908.    Anderson.    Carburetor. 
Mar.  31,  1908.    Sabath^.    Internal-combustion  engine. 
June  23,  1908.    Brennan.    Carburetor  for  explosive  engines. 
July  7,  1908.    Holgate.    Carburetor. 
July  28,  1908.    Johnston.    Carburetor  for   internal-combustion  en- 

Aug.  4,  1908.    Winton  &  Anderson.    Multiple-cylinder  two-cycle  ex- 

n  engine. 

Nov.  17,  1906.    De  Roos.    Vaporizing  device  for  internal-combustion 

5. 

Nov.  24,  1908.    Carlin.    Carburetor. 

Nov.  24,  1908.    Enrico.    Carburetor  for  internal-combustion  engines. 
Dec  15, 1908.    Du  Brie.    Apparatus  for  supplying  fuel  to  gas  engines. 

Dec.  29,  1908.  Longnecker.  Internal-combustion  engine. 
Jan.  12,  1909.  Daellenbach.  Internal-combustion  engine. 
Feb.  23,  1909.    Frayer.    Valve  control. 

May  18,  1900.    WiUard.    Apparatus  for  producing  gas  from  liquid 
carbons. 

May  18,  1909.    Howarth.    Carburetor. 

May  18,  1909.    Brons.    Hydrocarbon  engine. 
July  6,  1909.    Low.    Means  for  supplying  air  to  hydrocarbon  motors. 

July  27,  1909.    Charter.    Charge-forming  device  for  gas  engines. 

Aug.  10,  1909.    Kershaw.    Carburetor  and  like  device  for  mixing 
r  vapor  and  air. 

Aug.  17,  1909.    Crook.    Internal-combustion  engine. 
Dec  7, 1909.    Mclntlre.    Apparatus  for  treating  gas. 
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946,737.    Jan.  18,  1910.    Rlotte.    Pressure-regulated  gas  valve  for  engines. 

948,744.    Feb.  8,  1910.    Shearer.    Carburetor. 

*  959,066.    May  24,  1910.    Ottaway.    Carburetor. 

*961,152.    June  14.  1910.    Morse.    Internal-combustion  engine. 

966,581.    Aug.  9,  1910.    McCarty.    Device  for  alternating  atomizer  pressures. 

973,240.    Oct.  18,  1910.    Torchebeuf  &  Lanneau.    Carbureting  lamp. 

♦973,602.    Oct.  25,  1910.    Williams.    Carburetor. 

♦975,696.    Nov.  15,  1910.    Koontz.    Carburetor. 

*975,796.    Nov.  15,  1910.    Radcliffe.    Internal-combustion  engine. 

♦976,237.    Nov.  22,  1910.    Westmacott.    Carburetor  and  vaporizer  for  internal- 
combustion  engines. 

976,885.    Nov.  29,  1910.    Kemp.    Carbureting  apparatus. 

♦977,813.    Dec.  6,  1910.    Marrder.    Carburetor. 

979,667.    Dec.  27,  1916.    Harpster.    Vaporizer  for  Internal-combustion  engines. 

979,787.    Dec.  27,  1910.    Noyes.    Mixer  for  gases  and  liquids. 

♦979,908.    Dec.  27,  1910.    Wlllet.    Carburetor. 

980,946.    Jan.  10,  1911.    Heermans.     Internal-combustion  engine. 

982,825.     Jan.  31,  1911.     Johnston.     Mixing  valve  for  hydrocarbon  engines. 

♦983,307.    Feb.  7,  1911.    Perkins.    Internal-combustion  engine. 

994,985.    June  13,  1911.    Deprez  &  Richir.    Carburetor. 

1,004,661.     Oct.  3,  1911.    Knapp.    Purifying  apparatus  for  acetylene  gas. 

♦1,013,955.    Jan.  9,  1912.    Roberts.    Carburetor. 

♦1,017,750.    Feb.  20,  1912.    Hanchett.    Mixer  for  gaseous  fuel. 

1,023,402.    Apr.  16,  1912.    Whiting.    Mixer  for  gaseous  fuel. 

1,025,814.    May  7,  1912.    Lemp.    Fuel -supply  system  for  explosive  engines. 

1,030,388.     June  25,  1912.     Cross.     Motive-fluid  mixer  for  internal-combustion 
engines. 

1,036,812.    Aug.  27,  1912.     Edmonson.     Separator  and  volatilizer. 

1,038,300.    Sept.  10,  1912.    Crone.    Combined  vaporizer  and  priming  pump. 

1,054,205.    Feb.  25,  1913.    Illmer  &  Kunze.    Internal-combustion  engine. 

1,056,760.    Mar.  18,  1913.    Watt.    Gas  mixer  and  heater  for  explosive  engines. 
'  ♦1,060,053.    Apr.  29,  1913.    Winkler.    Carburetor. 

1,064,106.    June  10,  1913.    Stewart.    Auxiliary  air  supply  means  for  internal- 
combustion  engines. 

1,066,391.    July  1,  1913.    Von  Eicken.    Producer  of  Inert  gases. 

♦1,069,502.    Aug.  5,  1913.    Wadsworth.    Priming  device  for  internal-combustion 
engines. 

1,070,449.    Aug.  19,  1913.    Green  et  al.    Air-admission  regulator. 

1,077,414.    Nov.  4,  1913.    Marsh.    Cooling  device  for  an  engine. 

♦1,079,338.    Nov.  25,  1913.    Hazelton.    Gaseous-fuel  mixer. 

1,082,007.    Dec.  23,  1913.    Brush.    Gas-mixture  producer. 

1,083,111.     Dec.  30.  1913.    MacConaghy.     Explosion  motor. 

♦1,084.028.    Jan.  13,  1914.    Pierce.    Carburetor. 

1,096,585.    May  12,  1914.    Tost  &  Jahnke.    Divided-spray  injection  engine. 

1,099,445.     June  9,  1914.     Jaubert.     Method  of  running  internal-combustion 
engines. 

♦1,099,995.    June  16,  1914.    Page  &  Seldon.    Carburetor. 

1,101,271.    June  23,  1914.    Gentzen.    Method  of  introducing  fuel  into  internal- 
combustion  engines. 

1,106,935.    Aug.  11,  1914.    Freer.    Vaporizer  and  carburetor. 

♦1,109,192.     Sept.  1,  1914,     Wright.     Internal-combustion  engine. 

1,111,620.    Sept.  22,  1914.    Sheedy.    Auxiliary  air  inlet  and  primer  for  internal- 
combustion  engines. 

♦1,111,897.     Sept.  29.  1914.    Harrold.    Mixing  valve  for  explosive  engines. 

♦1,116,192.    Nov.  3,  1914.    Wlnton.    Vaporizing  device. 

1,117,354.    Nov.  17,  1914.    Erlckson.    Gasifying  device  for  liquid  fuel. 

♦1,117,641.    Nov.  17,  1914.    Cottle.    Internal-combustion  engine. 

♦1,117,642.    Nov.  17,  1914.    Cottle.    Internal-combustion  engine. 

1,120,828.    Dec.  15,  1914.    Lowry.    Fuel-supply  system  and  starter  for  explosion 
engines. 

1,124,706.    Jan.  12,  1915.    Conwell  &  Little.    Heater  for  gaseous  fuel. 

♦1,125,525.    Jan.  19,  1915.    Hathcock.    Carburetor. 

♦1,131,157.    Mar.  9,  1915.    Percival  &  Patterson.    Kerosene-gas  generator. 

♦1,131,371.    Mar.  9,  1915.    Hatfield.     Fuel-mixing  device  for  Intemal-combus- 
tlon  engines. 

1,132,420.    Mar.  16,  1915.    Andereau.    Heater  for  gaseous  fluids. 
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*1.136,868.    Apr.  20,  1915.    Biker.    Regulating  means  for  Internal-combustion 

engines. 
1,142,440.     June  8,  1915.     Kramer,     ruel  pulverizer  for  internal-combustion 

engines. 
♦1,143,092.    June  15,  1915.    UncUes.    Carburetor. 

1,143,258.    June  15,  1915.    Dunham.    Inspirator  for  internal-combustion  engines. 
•1,143,779.    June  22,  1915.    Pembroke.    Carburetor. 
♦1,151,989.    Aug.  31,  1915.    Balassa.    Carburetor. 
1,158,179.    Oct  26,   1915.     Clerk.     Internal-combustion  engine  working  with 

coke-oven  and  other  gases. 
♦1,158,435.    Nov.  2,  1915.    Bourne.    Carburetor. 
♦1,160,837.    Nov.  16,  1915.    Burnham.    Carburetor. 
1,160,897.    Nov.  16,  1915.    HoUoway.    Means  for  treating  kerosene  or  the  like 

for  use  in  hydrocarbon  engines. 
1,161,095.    Nov.  23,  1915.    Westinghouse.    Internal-combustion  engine. 
1,165,656.    Dec.  28,  1915.    Entz.    Carburetor  heater. 
I,165,pl4.    Dee.  28,  1915.    Shaw.    Fire-prevention  means  for  internal-combustion 

engines. 
•1,167,217.    Jan.  4,  1916.    Reichenbach.    Carburetor. 
•1,176,267.    Mar.  21,  1916.    Baverey.    Carburetor. 
Re.  4,476  (115,988).    July  18,  1871.    Sloper.    Improvement  in  apparatus  for 

carbureting  air. 
Re.  12,832.    Mar.  28, 1905.    Jacob.    . 


LIST  NO.  3. 

Selbcted  Patents  fbom  Seabched  Si7bci.asse8  Abbanged  Accobdinq  to  Class 
AND  Subclass,  with  Patents  which  Affeab  in  the  Pbevious  Lists 
Omitted. 

CLASS  Ut,  INTBKNAL-COlfBUSTION  ENGINES. 

SX7BCLAS8  8,  GENKBATINa  PLANTS. 

826.430.  Sept.  15,  1885.    James.    Apparatus  for  manufacture,  using  and  fur- 
nishing motive  power  by  aid  of  air  and  hydrocarbon  oils. 

649,713..  May  15,  1900.    Woodward  &  BarckdalL    Explosive  engine. 

SUBCLASS  4,  JNTEBNAL  COMBT7STION  AND  FLUID  PBESSUBE. 

620.431.  Feb.  28,  1899.    Eisenhuth.    Explosive  engine  for  vehicles. 

625,416.  May  23,  1899.    Revel.    Carbureted  air  or  other  fluid  pressure  engina 

647,583.  Apr.  ^7,  1900.    Scott.    Explosion  engine. 

651,780.  June  12,  1900.    Dawson.    Interal-combustion  motor. 

729,652.  June  2,  1^.    Osborne.    Motor. 

790,344.  May  23,  1905.    Clark.    Valve-gear  mechanism. 

832,592.  Oct  9,  1906.    Bush.    Motor. 

SUBCLASS  7,  HAMMEBS. 

•1,033,503.    July    23,    1912.     White    &    Duryea.     Internal-combustion   power 

hammer. 
•1,083,505.    July  23, 1912.    White  &  Duryea.    Power  device. 

SUBCLASS  8,  BOTABT. 

795,889.    Aug.  1,  1905.    BiUinghurst.    Internal-combustion  turbine. 
1,006^417.    Oct  17, 1911.    Sullivan.    Rotary  compound  explosive  engine. 

SUBCLASS  9,  BOTABT  nCPACT. 

853,124.    May  7,  1907.    Schann.    Turbine. 

877,194.    Jan.  21,  1906.    Holzwarth.    Gas  turbine. 

1,063,666.    June  3,  1913.    Duryea  &  White.    Internal-combustion  tooL 

1,187,293.    June  13, 1916.    Taurot    Turbine. 

72806*—S.  Doc.  669, 64-2 ft 
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BI7BCLA88  10,  BOTABT  BBACTION. 

864,808.    June  14, 1887.    Seigneuret    Reaction  wheel. 

8X7BCLA68  18,  BOTABT  BOTATINO  ABUTIOBNT. 

868,878.    Oct  22, 1907.    MacKasie.    Rotary  engine. 
888,863.    Mar.  81,  1008.    Walker.    Rotary  explosive  engine. 
1,177,880.    Mar.  28,  1016.    Carpenter.    Rotary  explosive  engine. 

SUBCLASS  15,  BOTABT,  SWINGING  ABI7TMSNT. 

883,107.    Oi±  0,  1006.    Akerberg.    Rotary  engine 

030,601.    Aug.  10,  1000.    Kasparek.    Rotary  internal-combustion  motor. 

SUBCLASS  16,  BOTABT,   SLIDING  PISTON. 

260,513.    July  14,  1882.    Wigmore.    Gas  motor  engine. 

700,030.    Sept  16,  1002.    McCahon.    Ck>mbination  air  and  vapor  motor. 

SUBCLASS   18,  OSCILLATING  PISTON. 

1,060;272.    Dec  2,  1013.    Fletcher.    Engine. 

SUBCLASS  20,  STEAM   CONVEBTIBLK. 

1,162,423.    Nov.  30,  1015.    Wentworth.    Internal-combustion  engine. 

SUBCLASS   22,   INTEBNAL  COMBUSTION   AND  AIB. 

30,701.    Nov.  20,  1860.    Wilcox.    Air  engine. 

Re.  1,042.    Apr.  25, 1865.    Wilcox.    Improvement  in  hot-air  engine. 

SUBCLASS  25,  WATEB  AND  HTDBOCABBON. 

40346.    Aug.  8, 1865.    Hugon.    Improvement  in  gas  engines. 

501346.    Oct  10,  1807.    Mayhew.    Gas  engine. 

507,860.    Jan.  25,  1808.    Rolfe.    Explosion  engine. 

'^810,230.    May  1,  1006.    Marks.    Mixing  and  combining  device  for  gas  engines. 

861,411.    July  30,  1007.    Weiss.    Internal-combustion  engine. 

*917,283.    Apr.  6,  1000.    Frost    Internal-combustion  engine. 

1,008,825.  Nov.  14,  1011.  Holroyd.  Apparatus  for  generating  products  of 
combustion. 

♦1,077,881.    Nov.  4, 1013.    Higgins.    Process  of  mixing  fuel  for  tiarburetors. 

♦1,148,166.  July  17,  1015.  Harrington.  Explosion  engine  and  method  of  op- 
erating the  same. 

SUBCLASS  28,  OIL  ENGINE,  PUMP  BUPPLT  TO  AIB  INLET,  FOUB-CTCLE. 


840,360. 

Sept  21,  1886. 

Spiel.    Petroleum  and  gas  engine. 

340,464. 

Sept  21,  1886. 

Spiel.    Gas  engine. 

303.127. 

Nov.  20,  1888. 

Spiel.    Petroleum  engine. 

426,337. 

Apr.  22,  1800. 

Sintz.    Gas  engine. 

502,255. 

July  25,  1803. 

Hoyt    Gas  engine. 

527.635. 

Oct  16,  1804. 

VoU.    Gas  engine. 

♦532,314. 

Jan.  8, 1805. 

Charter.    Gas  engine. 

543,818. 

July  30,  1805. 

Weeks.    Gas  engine. 

570,500. 

Nov.  8,  1806. 

Prouty.    Gasoline,  and  vapor  ^igine. 

574,610. 

Jan.  5,  1807. 

Joranson.    Gas  engine. 

584,060. 

June  22, 1807. 

Quast.    Explosive  engine. 

584,061. 

June  22, 1807. 

Quast    Gas  engine. 

507,326. 

Jan.  11,  1808. 

Quast.    Gas  engine. 

607,878. 

July  26,  1808. 

Quast    Gas  engine. 

612,756. 

Oct  18,  1808. 

Ostenberg.    Gas  engine. 

624,075. 

May  16,  1800. 

Quast.    Gas  engine. 

626,275. 

June  6,  1800. 

Froellch.    Speed  regulator  for  explosive  engines. 

665,714. 

Jan.  8,  1001. 

Zinmierman.    Speed  regulator  for  explosive  engines. 
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Doorenbofl.    Gas  or  gasoline  engine. 

Davis.    Bzplosive  engine. 

Ostenberg.    Explosion  engine. 

Podlesak.    Fuel  feeding  device  for  intemal-combnstioii 


e72,615.  Apr.  28,  1901. 
694,948.  Mar.  11,  1902. 
718,511.  Jan.  13,  1903. 
858,022.  June  25, 1907. 
motors. 

8I7BCIAS8  84,  OIL  KNGINES,  EXTERNAL  YAPOBIZINO. 


289,091. 


295,784. 

331,079. 

331,210. 

334,041. 

376,212. 

378328. 

425,116. 

544,586. 

583,399. 

*598,986. 

615,766. 

648,914. 

649,122. 

683,080. 

701,140. 

736,807. 

756,884. 

770,872. 

805,774. 

873,840. 

881,189. 

894,568. 

899,186. 

909,897. 


Dec.  4, 1883.    Nash.    Gas  engine. 
Dec.  4, 1883.    Nash.    Gas  engine. 
Mar.  25, 1884.    Maxim.    Gas  engine. 
Nov.  24,  1885.    Nash.    Explosive-vapor  engine 
Nov.  24, 1885:    Nash.    Explosive-vapor  engine. 
Jan.  12, 1886.    Nash.    Method  of  operating  explosive-vapor  engines. 
Jan.  10,  1888.    Shanck.    Gas  engine. 
Feb.  21, 1888.    List  &  Kosakoff.    Petroleum  motor. 
Apr.  8, 1890.    Valentine  &  Grlgg.    Gas  engine. 
Aug.  13,  1895.    Mead.    Gas  or  oil  engine. 
May  25,  1897.    Lewis.    Gas  or  vapor  engine. 
Feb.  15^  189a    Gere.    Combustible-vapor  engine. 
Dec.  13,  1898.    Vanslckle.    Gas  engine. 
May  8,  1900.    Bertheau.    Vaporizer  for  petroleum  motors. 
May  8,  1900.    Allen.    Rotary  engine. 
Sept.  24,  190L    Stewart    Gas  engine. 

Brlggs.    Hydrocarbon-oil  engine. 

Wilkinson.    Internal-combustion  engine. 

Denlson.    Vaporizer  for  explosive  engines. 

S5hnleln.    Explosive  engine. 

Blalsdell.    Internal-combustion  engine. 

Clift    Internal-combustion  engine. 

Losch  &  Gerber.    Explosive  engine. 

Avery,    Gas  engine. 

Rabsllber.    Internal-combustion  engine. 

Hertzberg.     External  electrical  vaporizer  for  com- 


May  27,  1902. 

Aug.  18,  1903. 

Apr.  12,  1904. 

Sept.  27, 1904. 

Nov.  28,  1905. 

Dec.  17,  1907. 

Mar.  10,  1908. 

July  28,  1908. 

Sept  22,  1908. 

Jan.  19,  1909. 

bustion  engines. 

909,900.    Jan.  19,  1909. 


Hertzberg  et  al.    Electrically  heated  starting  vaporizer 

for  internal-combustion  engines. 
961,581.    June  14,  1910.    Bowen.    Explosive  engine. 
971,682.    Oct  4.  1910.    Low.    Economizer. 
974,067.    Oct.  25, 1910.    Low.    Charge-forming  arrangement  for  use  in  internal* 

combustion  engines  and  turbines. 
975,008.    Nov.  8, 1910.    White.    Method  of  operating  gas  engines  and  apparatus 

therefor. 
977,847.    Dec.  6,  1910.    Wright    Internal-combustion  engine. 
1,003,795.    Sept.  19,  1911.    Rabsllber.    Internal-combustion  engine. 
1,006,244.    Oct  17,  1911.    Low  &  Hertzberg.    Explosive  engine. 
1,026,871.    May  21,  1912.    Lake.    Internal-combustion  engine. 
♦1.060,053.    Apr.  29,  1913.    Winkler.    Carburetor. 
♦1,128,958.    Feb.  16,  1915.    Duryea.    Internal-combustion  engine. 
1,135,083.    Apr.  13,  1915.    Waite.    Internal-combustion  engine. 
1,138,824.    May  11,  1915.    Wills.    Internal-combustion  engine. 
1,152,003.    Aug.  81,  1915.    Butler.    Gas  producer  for  explosive  engines. 

8T7BCLASS   85,   OIL  ENGINES,   EXTERNAL   VAPORIZING. 

877,866.    Feb.  14,  1888.     Spiel.     Petroleum  engine. 

399,569.    Mar.  12,  1889.    Schiltz.    Petroleum  engine. 

412,228.    Oct.  8,  1889.    Altmann  &  Kuppermann.    Petroleum  motor. 

425,909.    Apr.  15,  1890.    Roots.    Petroleum  engine. 

428,764.     May  27,  1890.     Taverner.     Engine  or  motor  operated  by  explosive 

mixtures. 
♦437,507.    Sept.  30,  1890.    Otto.    Petroleum  or  oil  motor  engine. 
♦440,485.     Nov.   11,   1890.     Lindley  &  Browett     Liquid   hydrocarbon  motor 

engine. 
453,446.    June  2,  1891.    Lindner.    Hydrocarbon  engine. 
482,201.    Sept  6,  1892.    Schumm.    Oil  motor  engine. 
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511,651.    Dec.  26,  1893.    Roots.    Petroleum  or  liquid  hydrocarbon  engine. 

518,151.    Apr.  10,  1894.    Knight    Vaporizer  for  hydrocarbon  motors. 

524,945.    Aug.  21,  1894.    Knight.    Hydrocarbon  motor. 

544,879.    Aug.  20,  1895.    Best.    Gas  engine  and  generator. 

549,677.    Nov.  12,  1895.    Mayer.    Vapor  engine. 

552,686.    Jan.  7,  1896.    Carter.    Petroleum-oil  engine. 

♦565,033.    Aug.  4,  1896.    Robinson.    Gas  or  oil  engine. 

♦566,125.    Aug.  18,  1896.    Barker.    Vaporizer  for  oil  engines. 

♦578,034.    Mar.  2,  1897.    Bomborn.    Vaporizer  for  petroleum  engines. 

582,271.    May  11,  1897.    Dawson.    Oil  or  gas  engine. 

589,108.    Aug.  31,  1897.    Wordsworth.    Motor  worked  by  hydrocarbon  or  other 


600,107.    Mar.  1, 1898.    Wiseman  &  Holroyd.    Hydrocarbon  motor. 

600,974.    Mar.  22.  1898.    Wiseman  &  Holroyd.    Hydrocarbon  motor. 

633,319.    Sept.  19,  1899.    Inman.    Carburetor. 

668,773.    Feb.  26.  1901.    Hanson.    Vaporizer  for  explosive  engines. 

♦700,295.    May  20,  1902.    Bertheau.    Four-stroke  petroleum  motor. 

•725,191.    Apr.  14,  1903.    Allsop.    Petroleum  engine. 

♦728.873.    May  26,  1903.    Cundall.    Oil  engine. 

733,417.    July  14,  1903.    Nicholson.    Internal-cumbustion  engine. 

750,451.    Jan.  26,  1904.    Grant.    Vaporizer  for  gas  engine. 

773,245.    Oct  25,  1904.    CappelL    Colling  motors. 

♦860,630.    July  23,  1907.    Brady.    Valve  gear  for  internal-combustion  engines. 

•951,353.    Mar.  8,  1910.    Weller.    Gas  engine. 

1.135.082.  Apr.  13,  1915.    Waite.    Internal-combustion  engine. 

1.135.083.  Apr.  13,  1915.    Waite.    Internal-combustion  engine. 
1,157,287.    Bellem  &  Bregeras.    Internal-combustion  engine. 
Re.  11,633.    Oct  12,  1897.    Gas  engine  and  generator. 

8UBCIASS   52,   MULTIPLE  CYLINDER. 

♦1,128,717.    Feb.  16,  1915.    Ottaway.    Carburetor. 

1,159,985.    Nov.  9,  1915.    Orlopp.    Fuel  connection  for  internal-combustioa  en- 
gines. 

StTBCLASS    73,   TWO-CYCLE,    BEAB-COMPBESSION    CBANK    CASE. 

♦1,096,819.    May  19,  1914.    Ahlberg.    Internal-combustion  engine. 
♦1,102,025.    June  30,  1914.    Ellis.    Fuel  injector  for  explosion  engines. 
♦1,139,364.    May  11,  1915.    Obergfell.    Internal-combustion  engine. 

SUBCLASS  76,  FOUB-CYCLE  SCAVENGING. 

1,146,864.    July  20,  1915.    Gibson.    Internal-combustion  engine. 

SUBCLASS   98,   SPEED  BEGULATOBS,   MANUALLY  CONTBOLLED. 

♦775,103.    Nov.  15,  1904.    Duryea.    Internal-combustion  engine. 

♦872,138.    Nov.  26,  1907.    Mayer.     Valve  gear. 

962,248.    June  21,  1910.     Rockwell.     Mechanism  for  feeding  fuel. 

♦998,355.    July  18,  1911.    Lee.    Carburetor  for  internal-combustion  engines. 

1,020,379.    Mar.  12,  1912.    Weiwoda.     Throttle  valve  for  carburetors. 

♦1,029,685.    June  18,  1912.    Huff.    Controlling  mechanism  for  motor  vehicles. 

SUBCLASS   09,   SPEED  BEGX7LATOB8,  COMBINED  TYPES. 

868,444.    Aug.  16,  1887.    Baldwin.    Gas  engine. 
1,138,831.    May  11,  1915.    Baker  et  al.    Internal-combustion  engine. 
♦1,153,364.    Sept  14, 1915.    Warner.    Internal-combustion  engine. 
1,186,037.    June  6,  1916.    Purdy.    Control  system  for  Internal-combostlon  ^ 
gines. 

SUBCLASS  100,  SPEED  BEGULATOBS,   CHABGE  VOLUIOB  PBOPOBTION  VABYING. 

406,683.    Aug.  13,  1889.    Baldwin.    Gas  engine. 

♦862,574.    Aug.  6,  1907.    Messinger.    Carburetor. 

♦985,703.    Feb.  28,  1911.    Podlesak.    Internal-combustion  engine. 
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'^1,014,S28.    Jan.  9,  1912.     Podlesak.     Mixture-producing  and  speed-governing 

device  for  gas  engines. 
'^1,064,514.    June  10,  1913.    Mees.    Method  of  regulating  and  controlling  the 

valve  motion  in  explosive  motors. 

SUBCLASS    101,    SPEED   BEGtTLATOBS,    CHABOE   VABYING   AND   OMimNO. 

*754,001.    Mar.  8,  1904.    Mutel.    Regulating  device  for  engines. 

BT7BCLA8S  102,  SPEED  REGT7LAT0BS,  ELECTBICAL. 

*727.565.    May  12,  1903.    Apple.    Electric  governor  for  gas  engines. 
1,089,47a    Mar.  10,  1914.    Kasley.    Explosion  motor. 

SUBCLASS  103,  SPEED  BEGtTLATOBS,  PNEUICATIC. 

*626,120.    May  80,  1899.    Winton.    Explosive  engine. 
663,183.    Dec.  4,  1900.    Millot.    Speed  governor  for  explosive  engines. 
762,965.    June  21,  1904.    Washburne.    Feed  mechanism  for  explosive  engines. 
782,244.    Feb.  14,  1905.    Haydon.    Governor  for  explosion  engines. 
1,142,219.    June  8, 1915.    Zlegler.    Governing  and  throttling  device  for  internal- 
combustion  engines. 

SUBCLASS  104,  SPEED  BBOULATOBS,  SUPPLY  PUMP,  BBOULATIKO. 

906,022.    Dec.  8, 1908.    Hesselmann.    Fuel  pump  ofr  reversible  intemal-combu»- 

tion  engine. 
1,017,591.    Feb.   13,   1912.    Rlgby.    Method   of  governing  internal-combustion 

engines. 
1,067,424.    July  15,  1913.    Hamke.    Fuel  pump  for  internal-combustion  engines. 
1,166,230.    Dec  28,  1915.    I^mp.    Fuel  pump. 

SUBCLASS    106,    CHABOE   PBOPOBTION   VABTINQ. 

1,075,635.    Oct  14,  1918.    Elkln.    Carburetor. 

1,083,433.    Jan.  6,  1914.    Crist    Explosion  motor. 

1,089,462.    Mar.  10,  1914.    Crist.    Ebcplosion  motor. 

1,107,103.    Aug.  11,  1914.    Peaslee.    Carburetor. 

*1,144,549.    June  29,  1915.    Kane.    Carbureting  internal-combustion  engines. 

SX7BCLA88  108,  THBOTTLINO. 

♦882,170.    Mar.  17,  1908.    Schmidt    Carburetor. 

♦889,032.    May  26,  1908.    McClintock.    Combined  carburetor  and  governor  for 

internal-combustion  engines. 
♦1,105,142.    July  28,  1914.    Jager.    Intemal«combustion  engine. 
1,130,103.    Mar.  2,  1915.    Plumm.    Throttle  valve  for  carburetors. 
♦1,149,597.    Aug.  10,  1915.    Riker.    Regulating  means  for  internal-combustion 

engines. 

SUBCLASS  112,  SUPFLT-VALVE  BBOULATTNG. 

♦599,87a    Feb.  22,  1898.    White.    Gas-engine  attachment 

SUBCLASS  117,  AUTOMATICALLT  CONTBOLLED  IGNITINO  DEVICES. 

1,163,692.    Dec.  14,  1935.    Royce.    Controlling  device  for  the  electrical  ignition 
systems  of  internal-combustion  engines. 

SUBCLASS   128,   CHABGB-FOBMUVO  DEVICES,   HBATINCk 

276,075.    Apr.  17,  1888.    Quick.    Tramway  locomotive. 

400,850.    Apr.  2, 1889.    Humes.    Hydrocarbureted  air  engine. 

407,961.    July  30,  1889.    McNett.    Combined  gas  engine  and  carburetor. 

♦573,762.    Dec.  22,  1896.    Charter.    Gas  engine. 

♦657,738.'    Sept  11, 1900.    Jessen.    Carburetor  for  explosive  engine. 

♦673,901.    May  14, 1901.    Bckhard.    Mixer  and  vaporizer  foi:  gas  engines. 
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*676,285.  June  11,  1901.  Van  Duzen.  Spraying  and  vaporizing  device  for 
crude-oil  explosive  engines. 

♦759,001.    May  3,  1904,    Moliler.    Carburetor  for  hydrocarbon  engines. 

766,530.    Aug.  2,  1904.    Salisbury.    Apparatus  for  generation  of  gas. 

776,982.    Dec.  6, 1904.    Anderson.    Carbureting  apparatus  for  explosive  engines. 

854,096.    May  21,  1907.    Levering.    Gas  engine. 

862.377.    Aug.  6,  1907.    Bacon.    Explosive  engine. 

900,083.    Oct  6,  1908.    .    Gas  engine. 

916,999.    Apr.  6,  1909.    Chambers.    Air  heater  for  gasoline  engines. 

920,167.    May  4,  1909.    Mclntyre.    Internal-combustion  engine. 

946,239.    Jan.  11,  1910.    Low  et  al.    Internal-combustion  engine. 

967,117.  Aug.  9,  1910.  Durand.  Means  for  cooling  the  cylinders  of  internal- 
combustion  engines. 

968,002.    Aug.  23,  1910.    Utz.    Induction  conduit  for  explosion  engines. 

971,034.    Sept.  27,  1910.    Fuller.    Air  intake  for  carburetors. 

972,547.    Oct.  11,  1910.    Law.    Gas  engine. 

986,357.    Mar.  7,  1911.    Bullert.    Hot-air  Intake. 

990,741.    Apr.  25, 1911.    Jacoba    Fuel  feeding  means  for  explosive  engines. 

•994,658.    June  6,  1911.    Reichenbach.    Carbureting  system. 

998,124.    July  18,  1911.    Scripps.    Intake  manifold. 

1,032,937.    July  16,  1912.    Pierce.    Carburetor  heater. 

1,035,614.    Aug.  13, 1912.    Ix)w  et  al.    Vaporizing  device  for  explosive  engines. 

1,048,576.    Dec.  31,  1912.    Page.    Heating  device  for  carburetors. 

1,050,625. .  Jan.  14,  1913.    Dortch.    Internal-combustion  engine. 

♦1,067,906.  July  22,  1913.  Esnault  et  al.  Device  for  heating  the  carburetors 
of  combustion  engines  and  more  particularly  for  flying-machine  engines. 

1,078,919.    Nov.  18,  1913.    Hall.    Internal-combustion  engine. 

1,083,673.    Jan.  6,  1914.    Ellis.    Internal-combustion  engine. 

1,093,756.  Apr.  21,  1914.  Beasley.  Device  for  heating  charges  for  explosive 
engines. 

1,099,271.    June  9,  1914.    Sykora.    Internal-combustion  engine. 

1,099,842.    June  9, 1914.    Cobb.    Manifold  construction  for  explosive  engines. 

1,009,862.  June  9,  1914.  Schroder.  Method  of  operating  internal-combustion 
engines  and  preheating  device  therefor. 

1,101,365.  June  23,  1914.  Weaver.  Fuel  heater  for  Internal-combustion  en- 
gines. 

♦1,101,913.    June  30,  1914.    Fay.    Internal-combustion  engine. 

♦1,103,451.    July  14,  1914.    Thorney.    Combustion  engine. 

♦1,105,017.    July  28,  1914.    Bassford.    Explosive  engine. 

1,106,452.    Aug.  11,  1914.    Ittner.    Gasoline  vaporizer. 

♦1,106,881.    Aug.  11,  1914.    Marnyama.    Internal-combustion  engine. 

1,109,628.    Sept  1,  1914.    Hallett.    Rotary  valve  for  explosive  engines. 

1,110,724.  Sept  15,  1914.  Stewart  Carbureting  means  for  use  with  heavy 
fuels. 

1,112,589.    Oct.  6,  1914.    Ashmusen.    Internal-combustion  engine. 

1,124,157.    Jan.  5,  1915.    Low.    Internal-combustion  engine  using  liquid  fuel. 

1,124,916.    Jan.  12,  1915.    Knudson.    Manifold  for  internal-combustion  engines. 

1,125,446.  Jan.  19,  1915.  Beasley.  Device  for  heating  charges  for  explosive 
engines. 

1,131,016.  Mar.  9,  1915.  Thornton  et  al.  Air-heating  device  for  explosive  en- 
gines. 

1,133,712.    Mar.  30,  1915.    Doyle.    Cooling  system. 

♦1,133,845.    Mar.  30,  1915.    Farnsworth.    Explosive  engine. 

1,134,667.    Api*.  6,  1915.    Brooke.    Internal-combustion  engine. 

1,135,074.    Apr.  13, 1915.    Taylor  et  al.    Explosion  engine. 

1,135,113.  Apr.  13,  1915.  Hitchcock.  Vapor  heater  for  internal-combustion 
engines. 

♦1,137,057.  Apr.  27,  1915.  Halliday.  Heavy-oil  carbureting  system  for  inter- 
nal-combustion engines. 

1,142,090.  June  8,  1915.  Griesbach.  Vaporizer  for  internal-combustion  en- 
gines. 

1,149,710.    Aug.  10,  1915.    Beck.    Heavy-oil  carburetor  for  explosive  engines. 

1,151,503.  Aug.  24,  1915.  Wilesmith.  Apparatus  for  heating  the  combustible 
charges  of  internal-combustion  engines. 

1,152,744.  Sept.  7,  1915.  McNutt.  Revaporizer  for  internal-combustion  en- 
gines. 

1,159,446.    Nov.  9,  1915.    Watts.    Carburetor. 
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1,100402.    Not.  16,  1915.    Nelson.    Carburetor  wanner. 

1,168,111«  Jan.  11,  1915.  Pope.  Fnel-heating  apparatus  for  intemal-combua- 
tlon  engines. 

1,170,887.    reb.  1,  1916.    Robinson  et  al.    Air  heater  for  carburetors. 

♦1.171,145.    Feb.  8,  1915.    Lachs.    Carburetor. 

1,178,276.  Apr.  4, 1916.  Straubel.  Fuel-heating  device  for  internal-combustion 
engines. 

•1,178,972.  Apr.  11,  19ia  Tracy.  Charge-forming  device  for  Internal-com- 
bustion engines. 

1,180,176.    Apr.  18,  1916.    Moreton.    Carbureting  apparatus. 

1,190,129.    July  4,  1916.    DuBois.    Carburetor  heater. 

♦1,190,592.    July  11,  1916.    Roraback.    Manifold  for  gas  engines. 

SUBCIASS    128,   CHABOB-FOBMING   DEVICES,    GOVERNOB-CONTBOLLBD. 

371,849.    Oct.  18, 1887.    Lister  et  al.    Petroleum  motor. 

397,517.  Feb.  12,  1889.  Prlestman.  Method  of  working  hydrocarbureted  air 
engines. 

509,462.    Nov.  28, 1893.    Caps.    Carburetor  for  gas  engines. 

♦552,263.    Dec.  31,  1895.    Roth.    Generator  for  gas  engines. 

580,387.    Apr.  13,  1897.    Ellis.    Explosive  engine. 

♦583,508.    June  1,  1897.    Raymond.    Gas  engine. 

♦596,809.    Jan.  4,  1898.    Guyer.    Gas  engine. 

♦614,114.    Nov.  15, 1898.    Lefebre.    Oil  or  similar  motor. 

638,440.  Dec.  5,  1899.  BrlUie.  Combined  distributor  and  regulator  for  ex- 
plosive engines. 

♦659,095.    Oct.  2,  1900.    Olsen.    Gasoline  engine. 

♦671,714.    Apr.  9,  1901.    Wolfe.    Governing  device  for  gasoline  engines. 

686,554.    Nov.  12, 1901.    Steams.    Speed  regulator  for  explosive  engines. 

♦709,126.    Sept.  16,  1902.    Yanduzen.    Vaporizing  device  for  explosive  engines. 

722,671.    Mar.  17,  1903. '  Burger.    Gas  engine 

♦722,672.    Mar.  17,  1903.    Burger.    Valve  for  gas  engines. 

♦729,377.  May  26,  1903.  Meister  et  al.  Combined  governor  and  gas  and  air 
mixer  for  explosive  engines. 

731,999.  June  23,  1903.  Hagan.  Carburetor  and  governor  for  hydrocarbon 
engines. 

♦734,421.    July  21,  1903.    Krebs.    Fuel  governor  for  oil  engines. 

♦735,483.    Aug.  4,  1903.    Hydrocarbon  mixer  and  regulator  for  engines. 

♦779,490.  Jan.  10,  1905.  McKaig.  Mixing  apparatus  for  explosion  or  gasoline 
engines. 

♦782,471.    Feb.  14, 1905.    Sterne  et  al.    Internal-combustion  engine. 

♦788,748.    May  2, 1905.    Bauer.    Gas  and  oil  engine. 

♦794,192.    July  11,  1905.    Seal.    Internal-combustion  engine. 

806,512.    Dec.  5, 1905.    Abraham.    Carburetor  for  hydrocarbon  engines. 

863,916.  Aug.  20,  1907.  Gronvelle  et  al.  Speed  regulator  for  internal-combus- 
tion engines. 

♦876,519.  Jan.  14,  1908.  Brothers.  Charge  forming  device  for  internal  com- 
bustion engines. 

♦885,598.    Apr.  21,  1908.    Frost    Internal-combustion  engine. 

904,960.    Nov.  24,  1908.    Hukle.    Carburetor  and  mixer. 

♦955,218.    Apr.  19,  1910.    Smith.    Carburetor. 

970,429.    Sept.  13, 1910.    Davis.    Carburetor  for  internal-combustion  engines. 

1,075,635.    Oct.  14,  1913.    Elkln.    Carburetor. 

♦1,076,268.    Oct.  21,  1913.    Carpenter.    Carburetor  regulating  mechanism. 

♦1,123,508.    Jan.  5,  1915.    Farrell.    Carburetor. 

1,133,679.    Mar.  30, 1915.    Taylor.    Governor  for  internal-combustion  engine. 

♦1,151,156.    Aug.  24,  1915.    Bingaman.    Carburetor. 

♦1,154,530.    Sept.  21,  1915.    Merrlam  et  al.    Carburetor. 

♦1,155,094.  Sept.  28,  1915.  Podlesak.  Mixture-reducing  device  and  speed  gov- 
ernor. 

1,170,199.  Feb.  1,  1916.  Ver  Planck.  Governing  mechanism  for  Internal- 
combustion  engines. 

SUBCLASS   124,  CHABOE-FOBMIKO  DEVICES,  AUTOMATIC  DILUTION. 

642371.    Feb.  6,  1900.    New.    Heavy  oil  engine. 

♦751,434.    Feb.  2, 1904.    Napier  et  al.   Carburetor  for  petrol  motors. 

823,185.    June  12,  1906.    Miller.    Air  valve  for  gas  engines. 
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'^881,882.    Sept  25,  1906.    Coffin.    Carburetor  for  hydrocarbon  engines. 

*888,065.    Dec.  11, 1906.    Cook.    Carburetor  for  explosive  engines. 

♦844,894.    Feb.  19,  1907.    Renault.    Carburetor. 

871,361.   Nov.  19,  1907.    Reineking.    Air  intake  regulator  for  carburetors. 

878,077.    Feb.  4,  1908.    Longuemare. 

891,936.    June  80, 1908.    Jordanet  et  al.    Carburetor. 

894,286.    July  28, 1908.    Reineking.    Air  intake  and  regulator  for  carburetors. 

906,039.    Dec.  8, 1908.    Le  Plain.    Automatic  double  air  inlet  for  carburetors. 

939,549.    Nov.  9,  1909.    Reineking.    Reed  air-intake  regulator  for  carburetors. 

943,996.    Dec.  21,  1909.    Reineking.    Reed  air-intake  regulator  for  carburetors 

♦997,232.    July  4.  1911.    Bowers.    Carburetor. 

1,050,200.  Jan.  14,  1913.  Aubery.  Auxiliary  air  inlet  device  for  internal-com- 
bustion engines. 

1,086,112.    Feb.  3,  1914.    Winkler.    Mixture  regulator. 

1,088,302.    Feb.  24,  1914.    Scudder.    Automatic  air  valve  for  gas  manifolds. 

1,117,676.    Nov.  17, 1914.    Johnson.    Automatic  carburetor  air  supply  regulator. 

1,117,993.    Nov.  24,  1914.    Frazier.    Automatic  valve. 

1,142,194.  June  8,  1915.  Morgan.  Auxiliary  valve  for  internal-combustion 
engines. 

1,142,779.    Jtme  8,  1915.    Umbarger.    Gas-saving  appliance. 

♦1,143,230.    June  15, 1915.    Root.    Air-controlled  device  for  gas  enginea 

1,168,309.  Jan.  18,  1916.  Keiffer.  Auxiliary  valve  for  internal-combustion 
engines. 

1,171,457.    Feb.  15,  1916.    Oldham.    Air  controller  for  explosive  engines. 

♦1,189,786.  July  4,  1916.  Byrnes.  Thermostatlc-control  device  for  explosive 
engines. 

SUBCLASS  125,  CHABGE-FOBMING  DEVICES,  OIL  INTERBUPTING. 

370,242.     Sept.  20,  1887.    Charter.     Gas  engine. 

SUBCLASS  126,  CHABGE-FOBMINO  DEVICES,  MOVABLE  CABBmL 

550,410.    Nov.  26,  1895.    Hardina.    Gas  generator. 

712,42.    Nov.  4,  1902.    Jeffery.    Carburetor  for  explosive  engines. 

1,184,779.    May  30,  1916.    Shaw.    Aerating  fuel  pump  for  explosive  motors. 

SUBCLASS    127,   CHABGE-FOBMING  DEVICES,    MULTIPLE  OIL  SUPPLY. 

♦1,105,016.    July  28,  1914.    Bassford.    Explosive  engine. 
♦1.110,438.    Sept.  15,  1914.    Gore.    Internal-combustion  engine. 
1,115,967.    Nov.  3,  1914.    Papenbrok.    Attachment  for  explosive  engines. 
1,121,135.    Dec.  15,  1914.    Schmid.    Internal-combustion  engine. 
1,180,169.    Apr.  18,  1916.    Marhenke.     Fuel-injecting  device  for  internal-cos^- 
bustion  engines. 

SUBCLASS    128,  CHABGE-FOBMING  DEVICES,  CONSTANT  OIL  8X7PPLT. 

665,665.    Jan.  8,  1901.    Solomon.    Gas  engine. 
670,945.    Apr.  2,  1901.    Ash.    Vaporizing  device  for  gas  engines. 
731,001.    June  16,  1903.    Williams.    Explosive  engine. 
1.189,338.    July  4,  1916.    Askew.    Internal-combustion  engine. 

SUBCLASS   129,   CHABGE-FOBMING  DEVICES,  VALVE-CONTBOLLED  OIL. 

♦418,029.  Dec.  24,  1889.  Korting.    Automatic  valve  and  ignitor  for  gas  engines. 

♦598,832.  Feb.  8,  1898.  Winton.    Explosive  engine. 

♦748,990.  Jan.  5,  1904.  Segner.    Feed  regulator  for  gasoline  engines. 

♦795.273.  July  25,  1905.    Essner.    Carburetor. 

♦868,392.  Oct.  15,  1907.  Allsop.    Petroleum  engine. 

♦877,753.  Jan.  28,  1908.  Ash.    Gas  engine. 

♦887,422.  May  12, 1908.  Power.    Mixing  valve  for  internal-combustion  engines. 

SUBCLASS    180,   CHABGE-FOBMING   DEVICES,   VALVE-CONTBOLLED   OIL,    POSITIVELT- 

OPEBATEO. 

♦617,344.    Mar.  27,  1894.    Lambert.    Carburetor. 

731.547.    June  23, 1903.    Come  et  al.    Carburetor  for  explosion  motors. 

827,303.    July  31,  1906.    Goodspeed.    Valve  gear  for  internal-combustion  ea- 

gines. 
1,159,178.    Nov.  2,  1916.    Cook.    Injector. 
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8T7BCLA88  188,  CHABOB-FOBMINO  DEVICES,  OUrEVAPOBATXNO. 

89,448.    Aug.  4,  1883.    Eratze.    Improvements  in  gas  engines. 
881,078.    Nov.  24,  1885.    Nash.    Explosive-vapor  engine. 
835,462.    Feb.  2,  1886.    Lenoir.    Gas  engine. 

480,535.    Aug.  9,  1892.    Weatherhogg.    Petroleum  or  simUar  engine. 
577,189.    Feb.  16,  1897.    Lewis.    Vapor  engine. 
606,504.    June  28,  1898.    Bonton.    Explosive  engine. 
♦635,298.    Oct.  24,1899.    Cauda.    Carburetor. 
784,676.    Mar.  14,  1905.    Hiltscher.    Carburetor  for  gas  engines. 
785,808.    Mar.  28,  1905.    Keating.    Carburetor  for  hydrocarbon  engines. 
♦844,900.    Feb.  19, 1907.    Smith.    Carburetor. 

♦858,046.    June  25,  1907.    Westerndorp.    Vaporizer  for  explosive  engines. 
868,246.    Oct  15, 1907.    Bates.    Generating  oil  gas  for  explosive  engines. 
879,659.    Feb.  18,  1908.    Low.    Hydrocarbon  motor. 

934,599.    Sept.  21,  1909.    Flint.    Apparatus  for  vaporizing  hydrocarbon  oils. 
1,110,807.    Sept  15,  1914.    Lucke.    Vaporhcer  for  Internal-combustion  engines. 
1,111,140.    Sept.  22, 1914.    Deering.    Gas-generating  system. 
1,156,780.    Oct.  12,  1915.    Honnold.    Combined  fuel  and  cooling  system  for  ve- 
hicle engines. 

SUBCLASS   184,  CHABQE-FOBMING  DEVICES,  OEL-EVAPOEATTNQ,  BTTBIOBBQED  AIB  STTFPLT. 

499,597.    June  18,  1898.    Salomon.    Carburetor. 

642,562.    Jan.  80, 1900.    Probert    Vaporizer  for  gas  engines. 

SUBCLASS  186,  CHABOB-FOBMINO  DEVICES,  EXTENDED  OIL  FILM. 

406,540.    July  9, 1889.    Schlitz.    Hydrocarbon  engine. 

651,017.    June  5,  1900.    Marne.    Carburetor. 

685.504.    Oct  29,  1901.    Bole  et  al.    Carburetor. 

♦947,633.    Jan.  25,  1910.    Brady.    Internal-combustion  engine. 

1,185,224.    May  30,  19ia    Manley.    Internal-combustion  engine. 

SUBCLASS    186,    CHABOE-FOBMING   DEVICES,    OIL-FEEDINQ. 

200,970.    Mar.  5,  1878.    Brady.    Improvement  in  gas  engines. 

496,751.  May  2,  1893.  Schumm.  Apparatus  for  supplying  oil  or  other  liquids 
under  pressure. 

609,830.    Nov.  28,  1893.    Seek.    Hydrocarbon  motor. 

645,458.    Mar.  13,  1900.    .    Oil-distributing  means  for  oil  engines. 

652,470.    June  2C,  1900.    Cascades  et  al.    Explosive  engines. 

686,287.  Nov.  12,  1901.  Grenter.  Feed  mechanism  for  gasoline  or  like  en- 
gines. 

♦709,428.    Sept.  16, 1902.    Warring.    Hydrocarbon  feeder  tor  explosive  engines. 

752,181.  Feb.  16,  1904.  Ronan.  Raw  liquid  fuel  measurer  for  explosive  en- 
gines. 

817,671.    Apr.  10, 1906.    Rosseau  et  al.    Oil  engine. 

♦849,048.    Apr.  2, 1907.   Cable.    Fuel  feed  for  hydrocarbon  engines. 

890,522.  June  9, 1008.  MacKaskie.  Charge-supplying  means  for  internal-com- 
bustion engines. 

033,325.    Sept  7, 1909.    McCartey.    Fuel  feeder  for  internal-combustion  engine. 

973,880.  Oct.  25,  1910.  Rammen.  Auxiliary  liquid  hydrocarbon  tank  for  inter- 
nal-combustion engine. 

997,136.  July  4,  1911.  Johnston.  Device  for  supplying  oil  to  internal-combus- 
tion engine. 

1,002,626.    Sept  5,  1911.    Baltezor.    Internal-combustion  engine. 

1,011,931.    Dec.  19,  1911.    Farquharson.    Force-feed  carburetor. 

1,036,424.  Aug.  20,  1912.  Bellem  et  al.  Pump  feeding  mechanism  for  internal- 
combustion  engines. 

1,049,815.  Jan.  7,  1913.  Day  et  al.  Starting  mechanism  for  internal-combus- 
tion engines. 

1,095,763.    May  5,  1914.    Winton.    Fuel-supply  system  for  automobiles. 

♦1,106,116.  Aug.  4,  1914.  Schneider.  Charge-forming  device  for  internal- 
combustion  engines. 

1,112,975.    Oct  6,  1914.    Bush.    OU-distributing  mechanism. 

1,154,994.    Sept.  28,  1915.    Lasche.    Fuel-supply  system  for  engines. 

1,189,096.    June  27,  1916.    Grunwald.    Pumping  apparatus. 
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SUBCLASS    137,    CHABQS-FOBMINQ  DEVICES,   OIL   FEEDING,   BECIFBOCATING. 

650,266.    May  22,  1900.    McDuff.    Feed  for  explosion  engines. 
664,381.    Jan.  1,  1901.    Thornton  et  al.    011-feedlng  device  for  explosion  en- 
gines. 
722,431.    Mar.  10,  1903.    Packard.    Hydrocarbon  motor. 
880,502.    Mar.  3,  190a    Boyler.    Carburetor  for  explosion  engines. 

8T7BCLASS   138,  CHABOE-FOBMING  DEVICES,  OIL  FEEDING,  SOTABY. 

580,444.    Apr.  13,  1897.    Baker.    Gas  engine. 

626,840.    June  13,  1899.    MacOallum.    Apparatus  for  Injecting  fuel  Into  com- 
bustion chambers  of  Internal-combustion  engines. 
770,731.     Sept.  27.  1904.    Anderson.    Feed  valve  for  explosive  engines. 
1,177,216.    Mar.  28,  1916.    Summers.    Carburetor. 
1,180,334.    Apr.  25,  1916.     Summers.    Carburetor. 
1,188,572.    June  27,  1916.    Summers.    Carburetor.  ^ 

SUBCLASS    139,    CHASGE-FOBMINO    DEVICES,    PUMPS. 

774,034.    Nov.  1, 1904.   Brlllle.   Fuel-feeding  mechanism  for  Internal-combustion 

motors. 
1,011,931.    Dec.  19,  1911.    Farquharson.    Force-feed  carburetor. 

SUBCLASS   140,  CHABGE-FOBMING  DEVICES,  GOVEBNOB  CONTBOL. 

970,429.    Sept.  13,  1910.    Davis.  •  Carburetor  for  Internal-combustion  engines, 

SUBCLASS    141,    CHABGE-FOBMING    DEVICES,    MIXING    DEVICES. 

650,736.    May  29,  1900.     Sutton.    Explosive  engine. 

♦  755,093.    Mar.  22,  1904.    Wright.    Vaporizer  for  hydrocarbon  engines. 

♦  868,707.    Oct.  22,  1907.     Schneider.    Carburetor. 

948,402.    Feb.  8,  1910.    Preston.    Vaporizing  and  mixing  device. 
•970,251.     Sept.  13,  1910.    Martha.    Internal-combustion  engine. 
1,012,380.    Dec.  19,  1911.    Loose.    Mixer  for  Internal-combustion  engines. 
1,031,753.    July  9,  1912.    Westaway.    Mixer  for  internal-combustion  engines  oi 

the.  like. 
1,051,369.    Jan.  21, 1913.    Heath.    Charge-mixing  device  for  gas  engines. 
1,103,931.    July  21.  1914.    Bennett.    Intake  manifold. 

SUBCLASS    142,    CHABOE-FOBMING    DEVICES,    SAFETY    DEVICES. 

434,695.    Aug.  19,  1890.    Barrett  et  al.    Gas  or  vapor  engine  attachment. 
928,710.    July  20,  1909.    SvagelL    Carburetor. 

SUBCLASS    180,    COMBUSTIBLE    MIXTX7BE    SUPPLY    STABTING    DEVICES. 

882,597.    Mar.  24,  1908.    Walker.    Starting  device  for  Internal-combustion  en 

glnes. 
892,544.    July  7,  1908.    Odenbrett.    Engine  starter. 
920,515.    May  4,  1909.    Nagora.    Starting  device  for  explosive  engines. 
921,995.    May  18,  1909.    Jackson.    Auxiliary  starting  device  for  automobiles. 
960,690.    June  7,  1910.    Pagelsen.    Starting  device  for  explosive  engines. 
969,815.     Sept.    13,    1910.    Walker.    Starting   device   for    Internal-combustlor 

engines. 
983,168.    Jan.  31,  1911.    Sackrlder.    Starter  for  Internal-combustion  engines. 
985,011.    Feb.  21,  1911.    Daniels  et  al.    Gas-engine  starter. 
990,135.    Apr.  18,  1911.    Hunt.    Engine  starter. . 
1,000,595.    Aug.   15,   1911.    Gibbon.     Starting  device  for   Internal-combustloi 

engines. 
♦1,014.988.    Jan.  16,  1912.    Hlnkley.    Carburetor. 
♦1,039,229.     Sept.  24,  1912.    Walker.    Carburetor. 
1,051,122.    Jan.  21,  1913.    Krayer.    Means  for  supplying  explosive  mixture  t 

explosive  engines. 
1,161,536.    May  13,  1913.    Fuhrer.    Gasoline  engine  starter. 
1,080,773.    Dec.  9,  1913.    Myers.    Engine  starter. 
1,081,534.    Dec.  16,  1913.    Priming  attachment  for  explosive  engines. 
1,088,792.    Mar.  3,  1914.    Perkins.    Explosive  engine  priming  mechanism. 
1,100,091.    June  16,  1914.    Pennington.    Engine  starter. 
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1,102,091.  June  80.  1914.  Sbockley  et  al.  Starting  mechanism  for  internal- 
combustion  engines. 

1,102,475.  July  7,  1914.  Cochran.  Means  for  creating  and  supplying  explosive 
mixture  to  explosive  engines. 

1,117,141.    Nov.  10,  1914.    Smith.    Explosive  mixture  heater  and  dUuter. 

1,157,868.    Ck:t.  26,  1915.    Higgins.    Carburetor. 

1,164,357.    Dec.  14,  1915.    Kaufmann.    Primer. 

CLASS  2C1,  GAS  AND  UQUID  CONTACT  APPARATUS. 

BUBCUkSS  10,  WITH  HEATINQ  OB  COOUNG,  INTEBCH ANQING. 

K»,653.    May  14,  1907.    Stewart    Gasifler. 

SUBCLASS   12,  WITH  HEATING  OB  COOLING,   HEATINQ. 

)00,954.  Oct.  30,  1900.  Hayes.  Fuel  vaporizer  and  mixer  for  explosive  en- 
gines and  other  uses. 

rr2,500.  Apr.  23,  1901.  Van  Duzen.  Vaporizing  device  for  crude  oil  explosive 
engines. 

►733,695.  July  14,  1903.  Charron  &  Gerardot.  Pulverizing  carburetor  for 
petroleum  motors. 

^817,051.    Apr.  3,  1906.    Dorman.    Carburetor  for  explosive  motors 'and  engines. 

)09,897.  Jan.  19,  1909.  Hertzberg.  External  electrical  vaporizer  for  combus- 
tion engines. 

SUBCLASS   18,  WITH  HEATINQ  OB  COOLING,   HEATING,  GAB*. 

'668,953.    Feb.  26,  1901.    Dawson.    Vaporizing  device  for  explosive  engines. 
'Re.  12,322.    Feb.  28,  1905.    Dawson.    Vaporizing  device  for  explosive  engines. 

SUBCLASS   10,   WFTH   HEATING  OB  COOLING,   HEATING,   LIQUID. 

'804,589.    Nov.  14,  1905.    Enrico.    Carburetor  for  explosion  motors. 

SUBCLASS   26,  FLUID  DISTBIBX7TI0N,  PUMPING,   AUTOMATIC   GONTBOL. 

70,927.    Jan.  23, 1883.    Brayton.    Regulating  the  supply  of  oil  to  vapor  engines. 

SUBCLASS  88,  FLUID  DISTBIBUTION,  VALVED. 

993,516.    May  30,  1911.    Gentle.    Carburetor. 

96,018.  June  20,  1911.  Heine.  Carburetor  and  relief  valve  for  explosive 
engines. 

SX7BCLAB8  41,  FLUID  DI8TBIBUTI0N,  VALVED,  MULTIPLE  JET,  PBOGBESSIVE. 

318,853.     Apr.  24,  1906.    Renault.    Carburetor. 

SUBCLASS   44,  FLUID  DI8TBIBUTI0N,   VALVED,    MULTIPLE  VALVES,   CONNECTED. 

r51,913.  Feb.  9,  1904.  Haynes  and  Apperson.  Carbureting  device  for  explo- 
sive engines. 

CJBCLASS    50,  FLUID  DISTBIBUTION,   VALVED,   MTJT.TIPLE  VALVES,   CONNECTED,   LIQUID 

INLET,  WITH  GAS  INLET. 

^,840.     Dec.  3,  1901.    Krasten.    Fuel-mixing  and  charge-controlling  appa- 
ratus for  hydrocarbon  explosive  engines. 
)70,251.     Sept.  13,  1910.    Martha.    Internal-cdmbustion  engine. 
1,114,222.     Oct.  20,  1914.    Bingham.    Carburetor. 

7BCLA8B    61,   FLUID  DISTBIBUTION,   VALVED,   MULTIPLE  VALVES,   CONNECTED,   LIQUID 
INLET,   WITH  GAS  OUTLET. 

J27,372.     June  20,   1899.    Winton.    Fuel   feeder  or  regulator  for  explosive 

engines. 
05,298.     Oct.  24,  1899.    Cauda.    Carburetor. 

16,287.     Nov.  12, 1901.    Greuter.    Feed  mechanism  for  gasoline  or  like  engines. 
168,707.     Oct.  22,  1907.     Schneider.    Carburetor. 
106,671.     Dec.  15,  1908.    Abemethy.    Carburetor  for  explosive  engines. 
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8X7BCLA88  54,  TLTTID  DISTBIBTTTION,  VALVED,  MULTIPLB  VALVES,  GAS  BT-PAS8. 

891,086.    June  30,  1908.    Jordanet  et  aL    Carburetor. 

8UBCLA88  60,  FLUID  DI8TBIBUnON,  VALVED,  MULTIPLE  VALVE8,  LIQUID  INLET,  WITH 

0A8  INLET. 

675,424.    June  4,  1901.    Sturtevant    Carburetor  for  explosive  engines. 

8UBCLA88    62,   FLUID   DISTBIBUTION,   VALVED,   CONTACT   SPACE. 

♦811,897.    Jan.  80,  1906.    Hibbard.    Vaportzer. 

SUBCLASS  60,  FLUID  DISTRIBUTION,  VALVED,  GAS  OUTUET. 

731,001.    June  16,  1903.    Williams.    Explosive  engine. 

SUBCLASS   67,  FLUID  DI8TRIBX7TI0N,  VALVED,   LIQUID  INLET,   PLUBAL 

*692,444.    Feb.  4,  1902.    Harris.    Carburetor  for  explosive  engines. 

SUBCLASS  68,  FLUID  DI6TRIBX7TI0N,  VALVED,  LIQUID  INLET,  PLUBAL,  FLOAT  AND 

MANUAL. 

♦844,900.    Feb.  19,  1907.    Smith.    Carburetor. 

SUBCLASS  81,  CONTACT  DEVICES,  BECIPBOCATING. 

862,856.    Aug.  6,  1907.    Tygard.    Vibrative  liquid  atomizer  and  mixer. 

SUBCLASS  84,  CONTACT  DEVICES,  BOTATINO,  IMPELLER. 

610,040.    Aug.  90,  1898.    Ford.    Carburetor. 
1,114,764.    Oct.  27,  1914.    Hopkins.    Fluid-fuel  feeder. 

SUBCLASS    104,    CONTACT    DEVICES,    POROUS    SHEETS,    SURFACE    CONTACT,    CAPHXART 

FEED. 

39,448.    Aug.  4,  1863.    Kratze.    Improvement  in  gas  engines. 

SUBCLASS  105,  CONTACT  DEVICES,  POROUS  SHEET,  GAS  FLOW,  CONTROL. 

986,605.    Mar.  14,  1911.    Svagel  &  Padfield.    Carburetor  for  gas  and  gasoline 
engines. 

CLASS  66.  lOSCBLLANBOUS  HEAT-ENGINE  PLANTS. 

SX7BCLASS  4,  ROTARY  ENGINE. 

1,185,982.    June  6,  1916.    Casro.    Fluid  mixer  and  power  generator  for  rotary 
engine. 

SUBCLASS  86,  COMBUSTION  PRODUCTS  INJECTED. 

1,024,079.    Apr.  23,  1912.    Jennings.    Internal-combustion  generator. 

LIST  NO.  4. 

Selected  Cross-Reference  Patents  from  the  Searched  Subclasses,  with 
Patents  which  Appear  in  Either  of  the  Three  Previous  Lists  Omitied. 

8,597.    May  25,  1844.    Perry.    Gas  engine. 

4,800.    Oct  7,  1846.    Perry.    Gas  engine. 

168,628.    Oct.  11,  1875.    Daimler.    Air  and  gas  engine. 

195,585.  Sept  25,  1877.    Dreckmann.    Gas  engines. 

258,884.  June  6,  1882.    Burritt.    Gas  motor  engine. 

260,518.    July  4,  1882.    Wigmore.    Gas  motor  engine. 

801,009.    June  24,  1884.    Rachholz.    Gas  engine. 

822,062.    July  14,  1885.    Nash.    Combined  fuel  converter  and  gas  engina 


Digitized  by 


Google 


AEBONAUTIO&  141 

881,060.    Nov.  24,  1886.    Nash.    Method  of  operating  gas  engine. 

883,888.    Jan.  5,  1886.    Delamare  et  al.    Oaa  engine 

889,225.    Apr.  6,  1886.    Sintz.    Gas  engine. 

840,458.    Apr.  20,  1886.    Nash.    Gas  engine. 

847,469.    Aug.  17,  1886.    Clark.    Gas  engine. 

347,656.    Aug.  17,  1886.    Smith.    Gas  engine. 

383,775.    May  29,  1888.    Sintz.    Gas  engine. 

402,549.    Apr.  80,  1889.    Wilcox.    Gas  or  air  engine. 

414,173.    Oct  29,  1889.    Stevens.    Ck>mbined  gas  and  compressed  air  engine. 

415,446.    Nov.  19,  1889.    Charter.    Hydrocarbon  or  gas  engine. 

*417,924.  Dec.  24,  1889.  Korting.  Method  of  automatic  Ignition  in  gas  en- 
gines. 

421,478.    Feb.  18,  1890.    Baker.    Gas  engine. 

424,000.    Mar.  25,  1890.    Hibbard.    Rotary  gas  engine. 

•433,806.    Aug.  5,  1890.    Otto.    Motor  engine  worked  by  oil  vapor. 

•433,807.    Aug.  5,  1890.    Otto.    Motor  engine  worked  by  oil  vapor. 

436,936.    Sept  23,  1890.    Eisenhuth.    Explosive  engine. 

439,200.    Oct.  28,  1890.    Shanck.    Gas  engine. 

439,702.    Nov.  4,  1890.    Stuart.    Petroleum  engine  or  motor. 

•448,386.    Mar.  17,  1891.    Yanduzen.    Gas  or  gasQline  engine. 

451,621.    May  5,  1891.    Lewis.    Gas  engine. 

455,388.    July  7,  1891.    Charter.    Gas  engine. 

•456,284.    July  21,  1891.    Coffleld  et  al.    Gas  engine. 

460,070.    Sept  22,  1891.    Hobbs.    Rotary  gas  engine. 

•482,202.    Sept  6,  1892.    Schumm.    Gas  or  oil  motor  engine. 

498,700.    May  80,  1898.    Walls.    Gas  engine. 

506,817.    Oct.  17,  1893.    Hobbs.    Gas  engine. 

511,535.    Dec  26,  1893.    Lewis.    Gas  engine. 

511,855.    Jan.  2,  1894.    Mann.    Electrohydrocarbon  engine. 

522,712.    July  10,  1894.    Hlrsch.    Gas  engine. 

♦523,511.    July  24,  1894.    Campell.    Oil  engine. 

525,651.     Sept  4,  1894.    Grant.    Gas  engine. 

•525,857.    Sept  11,  1894.    McGeorge.    Gas  engine. 

532,099.  Jan.  8,  1895.  Robinson.  Gas  or  vapor  and  air  mixing  and  spraying 
device. 

•532,100.    Jan.  8,  1895.    Robinson.    Vaporizing  and  ignition  device. 

532,412.    Jan.  8,  1895.    Bllbault    Gas  or  petroleum  engine. 

•534,354.    Feb.  19,  1895.    Weber.    Gas  engine. 

536,029.    Mar.  19,  1895.    Gill.    Gas  engine. 

587,253.    Apr.  9,  1895.    Van  Zandt.    Gas  engine. 

•537,370.    Apr.  9,  1895.    Walls.    Gas  engine. 

•539.710.    May  21,  1895.    Sintz.    Gas  engine. 

541,773.    June  25,  1895.    Mead.    Gas  engine. 

543,094.    July  23,  1895.    Hopkins.    Motor  for  bicycles. 

•548,922.    Oct  29,  1895.    Norman.    Gas  and  oil  engine. 

550,163.    Nov.  19,  1895.    Durand.    Compressed-air  motor. 

550,266.    Nov.  26,  1895.    Froellch.    Gas  engine. 

•550,451.    Nov.  26,  1895.    Lanson  et  al.    Gas  engine. 

•550,785.    Dec.  3, 1895.    Friend.    Hydrocarbon  motor. 

655,373.    Feb.  25, 1896.    Henrlod-Schwelzer.    Petroleum  motor. 

560,149.    May  12,  1896.    Rober.    Vapor  engine. 

562,230.    June  16,  1896.    Mex.    Petroleum  motor. 

663,249.    July  7, 1896.    Baker.    Gas  engine. 

564,57a    July  21, 1896.    Altham.    Oilengine. 

564,577.    July  21, 1896.    Altham.    Oil  engine. 

665,786.    Aug.  11, 1896.    Olds  et  al.    Gas  or  vapor  engine 

669,530.    Oct  13, 1896.    Winter.    Gas  engine. 

571.534.  Nov.  17, 1896.    Lewis.    Gas  engine. 

•574,188.    Dec.  29,  1896.    Underwood.    Mixer  for  gas  engines. 

674.535.  Jan.  5, 1897.    Grohmann.    Gas  engine. 
579,554.    Mar.  23,  1897.    Blum.    Gas  motor. 
682,106.    May  4,  1897.    Winton.    Explosive  engine. 
•584,666.    June  15,  1897.    Bolide.    Motor  vehicle. 
•688,466.    Aug.  17, 1897.    Pace.    Combustion  engine. 
•696,048.    Dec.  7, 1897.    Chase.    Gas  engine. 
*696,562.    Dec.  14, 1897.    Banki  et  al.    Gasoline  motor. 
*696»80e.    Jan.  4, 1896.   Guyer.    Gas  engine. 
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597,389.    Jan.  18, 1898.    Bullis.    Gasoline  engine. 

598,025.    Jan.  25,  1898.    Simark.    Gas  engine. 

599,235.    Feb.  15,  1898.    Hider.    Explosive  engine. 

♦599,375.    Feb.  22, 1898.    White.    Gas  engine. 

♦599,376.    Feb.  22,  1898.    White.    Gas-engine  attachment 

♦600,147.    Mar.  8, 1898.    Halvorson.    Explosive  engine. 

602,556.    Apr.  19, 1898.    Dayle.    Gas  or  gasoline  engine. 

603.318.    May  3, 1898.    Clover.    Oil  gas  motor. 

♦603,986.    May  10, 1898.    Henriod.    Explosive  engine. 

♦608,968.    Aug.  8, 1898.    Morava.   Gas  or  oil  motor  for  bicycles. 

♦610,460.    Sept.  6,  1898.    Petrot    Self-propelling  carriage. 

615,978.    Dec.  13,  1898.    Fielding.    Internal-combustion  motor. 

617,022.    Jan.  3,  1899.    Irgens  et  al.    Means  for  converting  heat  into  motoric 

force. 
618,972.    Feb.  7, 1899.    Alsop.    Gas  engines. 
♦619,776.    Feb.  21,  1899.    Murray.    Gas  engine. 
620,602.    Mar.  7,  1899.    Maxim.    Explosive  engine. 

622.798.  Nov.  11,  1899.    Fagerstrom.    Regulating  device  for  petroleum  motor. 
623,567.    Apr.  25,  1899.    Secor.    Speed  regulator  for  explosive  engines. 
♦624,594.    May  9, 1899.    Wilkinson.    Motive-power  mechanism. 

♦626,121.  May  30,  1899.    Winton.    Speed  regulator  for  explosive  engine. 

♦627,219.  June  20, 1899.    Woolf.    Air  and  gas  engine. 

♦627,359.  June  20,  1899.    Steele,    Automobile  vehicle. 

632,474.  Sept.  5, 1899.    Sangster.    Motor-driven  vehicle. 

♦632,917.  Sept.  12. 1899.    Dallenbach.    Explosive  engine. 

♦635,218.  Oct.  17, 1899.    Winton.    Oil  valve  for  gasoline  engine. 

♦636,048.  Oct.  31, 1899.    Korsmeyer.    Gasoline  or  gas  engine. 

638,331.  Dec.  5,  1899.    Grant.    Motor  vehicle. 

♦640,394.  Jan.  2,  1900.    Lewis.    Gas  engine. 

♦640.674.  Jan.  2,  1900.    Lewis.    Explosive  engine. 

640,890.  Jan.  9, 1900.    Elsenburth.    Air  and  gas  engine. 

641,727.  Jan.  23,  1900.    Robertson  et  al.    Gasoline  engine. 

652,544.  June  26,  1900.    Miller.    Gas  engine. 

♦658,127.  Sept.  18, 1900.    Simmonds.    Gas  or  gasoline  engine. 

♦658,367.  Sept.  25, 1900.   Haynes  et  al.    Explosive  engine. 

660,129.  Oct.  23,  1900.    Standlsh.    Rotary  explosive  motor. 

662,169.  Nov.  20,  1900.    Gender.    Engine  operated  by  fluid  under  pressure. 

667,908.  Feb.  12,  1901.    Hatcher.    Speed  regulator  for  explosive  engine. 

♦670,803.  Mar.  26,  1901.    McMahon.    Gas  engine. 

673.109.  Apr.  30,  1901.    Brouder.    Gas  engine. 

673.110.  Apr.  30,  1901.    Bronder.    Motor  vehicle. 

681,287.  Aug.  27,  1901.    Worth.    Speed  regulator  for  explosive  engines. 
♦682,606.    Sept.  12,  1901.    Duryea.    Explosive  engine  for  motor  vehicle. 
♦682,682.    Sept.  17,  1901.    Hafelfinger.    Motor  bicycle. 
♦684,011.    Oct.  8,  1901.    Valentynowlcz.    Explosive  engine. 

685,722.  Oct.  29,  1901.    Marrder.    Rotary  explosive  engine. 
♦690,481.    Jan.  7,  1902.    Sweet.    Explosive  engine. 

702,374.  June  10,  1902.    McCall.    Air  superheater  or  carburetor. 

703,511.  July  1,  1902.    Wood.    Oil  vapor  engine. 

706,711.  Aug.  12,  1902.    Andres.    Multiple-cylinder  explosive  engine. 

707,793.  Aug.  26,  1902.    McKaig.    Gasoline  engine. 

714,353.  Nov.  25,  1902.    Anderson  et  al.    Combination  hot-air  and  gas  engine. 

.  723,844.  Mar.  31,  1908.    Dlngman.    Gas  engine. 

724,763.  Apr.  7,  1903.    Wallmann.    Means  for  vaporizing  water. 

729,984.  June  2,  1903.    Wallmann.    Compound  Internal-combustion  engine. 

737,069.  Aug.  25,  1903.    Brown.    Engine  worked  by  oil  vapor  or  gas. 

741,824.  Oct.  20,  1903.    Pehrsson.    Gasoline  engine. 

742.799.  Oct.  27,  1903.    Ostergren.    Internal-combustion  engine. 
♦746,701.    Dec.  15,  1903.    Hlbbard.    Explosive  engine. 

748,509.    Dec.  29,  1903.  Klocksiem.    Valve  gear  for  hydrocarbon  traction  en- 
gines. 

757,632.    Apr.  19,  1904.  Palmer.    Explosive  engine. 
759,011.    May  3,  1904.    Pfister.    Gas  generator  for  explosive  engine. 

♦760,333.    May  17,  1904.  Hardenbrook  et  al.    Valve  gear  for  explosive  engine. 

763,039.    June  21,  1904.  Bates.     Oil-gas  generator. 

763,773.    June  28,  1904.  Marlltt.    Rotary  explosive  motor. 

♦765,814.    July  26,  1904.  Chamberlln.    Explosive  engine. 
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772,131.  Oct  11,  1904. 
775.243.  Nov.  15.  1904. 
776.800.  Dec.  «.  1904. 
776,982.  Dec.  6,  1904. 

glues. 

♦778.154.    Dec.  20,  1904.    Sweeder.    Gas  engine. 
787.254.    Apr.  11.  1905.    Young.    Rotary  carbnretor. 

Thomson.    Means  for  preventing  pounding  In  Internal- 


Clandel.    Apparatus  for  the  manufacture  of  gas. 
Losch.    Explosive  engine. 
Rochow.    Bxploslve  engine. 
Anderson.     Carbureting  apparatus  for  explosive  en- 


Westendorp.    Explosion  engine. 

Smith.    Fuel-mixing  device  for  gas  engines. 

Hayes.    Device  for  vaporizing  liquids. 

Van  de  Putte.    Injecting  and  mixing  device  for  hydro- 


795,422.  July  25,  1905. 
combustion  engine. 
796.686.  Aug.  8.  1905. 
801.927.  Oct.  17.  1905. 
*806,139.  Dec.  5,  1905. 
*806,760.    Dec.  5,  1905. 

carbon  motors. 
809.451.    Jan.  9,  1906.    Kyle  et  aL    Double-acting  explosive  engine. 

Feb.  13,  1906.    Secor.    Speed  regulator  for  explosive  engine. 
Mar.  27.  1906.    Lutz.    Explosive  engine. 
June  12.  1906.    Ells.    Valve  gear  for  explosive  engine. 

Franqulst    Controller  for  motor  vehicles. 
Trinkler.    Internal-combustion  engine  for  liquid  com* 


•812.371. 

•816.109. 

823,039. 

•825,531. 

828,352. 

bustlble. 
•835.773.    Nov.  13,  1906. 
•846,434.    Mar.  5,  1907. 
848.607.    Mar.  26,  1907. 


July  10,  1906. 
Aug.  14,  1906. 


Brady.    Internal-combustion  engine. 
Underwood.    Internal-combustion  engine. 
Thomson.    Oil  or  igas  engine. 


848.891.    Apr.  2,  1907.    Ford.    Speed  controller  and  regulator  for  explosive  en- 


•866,002. 

868.608. 

•874,822. 

876,003. 

877,730. 

878.932. 


♦882,170. 
882,939. 
886,519. 
•886.760. 


Combined  carburetor  and  governor  for 


849,578.    Apr.  9,  1907.    Shadall.    Motor  for  rock  drills  and  similar  tools. 
•856.760.    June  11,  1907.    Bense.    Combustion  engine. 
857,730.    June  25,  1907.    Goodspeed.    Internal-combustion  engine. 
•861,378.    July  30,  1907.    Mayer.    Speed-regulating  device  for  automobiles. 
862.377.    Aug.  6,  1907.    Bacon.    Explosive  engine. 

Sept.  17.  1907.    Dallenbach.    Internal-combustion  engine. 
Oct.  15, 1907.    Low.  et  al.    Hydrocarbon  motor. 
Dec.  24, 1907.    Baird.    Carburetor. 
Jan.  7, 1906.    Lawless.    Internal-combustion  engine. 
Jan.  28,  1906.    Palmer.    Explosive  engine. 

Feb.  11,  1908.     Brady.     Vaporizing  device  for  internal-combustion 
engines. 
•879,884.    Feb.  25. 1908.    McCllntock.    Crude-oU  engine. 
880.704.    Mar.  3, 1908.    Wood.    Gas  engine. 

Mar.  17,  1908.    Schmidt.    Carburetor. 
Mar.  24, 1908.    Fricke,  et  al.    Mixing  valve  for  explosive  engine. 
May  5.  1908.    Knickerbocker.    Internal-combustion  engine. 
May  5, 1908.    Brush.    Carbureting  mechanism  for  internal-combustion 
engines. 
•889,082.    May  26,  1908.    Mcaintock. 

internal-combustion  engine. 
889,260.    June  2,  1908.    Poolesak,  et  al.    Fuel-feeding  device  for  internal-com- 
bustion hydrocarbon  motors. 
889, 528.  June  2.  1908.    JefTery.    Speed-controlling  mechanlyn  for  automobile. 
♦891,064.    June  16, 1908.    Heathcock,  et  al.    Engine  governor. 
•892,501,    July  7, 1908.    Cogswell.    Internal-combustion  engine. 
Sept.  8,  1908.    Lake.    Gas  engine. 
Nov.  17, 1908.    Simmons.    Combustion  engine. 
Nov.  17, 1908.    Kortlng.  et  al.    Explosion  petroleum  engine. 
Dec.  29,  1908.    Reeves,  et  al.     Balanced  proportioning  valve  for  ex- 
plosive engine. 
909,917.    Jan.  19,  1909. 

bustlon  engines. 
922.009.    May  18, 1909.    Marquardt.    Gasoline  engine. 
June  8, 1909.    Manuel.    Fuel  feeder. 
June  22,  1909.    Atkins.    Internal-combustion  motor. 
Sept.  7. 1909.    Illy.   Mixing  attachment  for  internal-combustion  engines. 
Sept  14. 1909.    Illy.   Combustion  pressure  generator,  mixer,  and  engine. 
Dec.  7,  1909.    Higglns.    Internal-combustion  motor. 
Dec.  28,  1909.    Hunter.    Carburetor. 
Jan.  18,  1910.    Johnston.    Internal-combustion  engine. 


898,230. 
903.902. 
904,267. 
907,879. 


924.48a 
925,793. 
933,709. 
933.907. 
942.070. 
944,867. 
946.780. 


Low.    Electrically  operated  starting  vaporizer  for  com- 
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052,480.    Mar.  15, 1910.   Higgios.    Method  of  <^>eratiiig  oil  engliies. 
961,050.   Jane  7,  1010.    Abbott    Gas  engine. 
964,410.    July  12,  1910.    Fox.    Heater  for  carbnretor. 
070,937.    Sept  20,  1010.    Merrett  et  aL    Internal-combustion  engine. 
070,667.    Dec.  27,  1010.    Harpster.    Vaporizer  for  internal-combustion  engine. 
060,026.    Apr.  11, 1011.    Murphy.    Fuel  injector  for  internal-combustion  engines. 
*001,020.    May  2, 1011.    Scott    Internal-combustion  engine. 
''004,687.    June  6,  lOlL    Nageborn.    Carburetor. 
*1,017,750.    July  18, 1011.    Scripps.    Intake  manifold. 
1,018,372.    Feb.  20, 1012.    Hanchett    Mixer  for  gaseous  fueL 
*1,022,803.   Apr.  0, 1012.    Troutt    Intarnal-combustion  engine. 
1,024,308.    Apr.  23, 1012.    WiUoughby.    Aeroplane-engine  controlling  mechanisoL 
*1,026.426.    May  14, 1012.    BartheL    Carburetor. 
1,031,245.    July  21,  1012.    Chapin.    Internal-combustion  engine. 
1,050,770.    Jan.  14,  1013.    Miller.    Internal-combustion  engine. 
•1,054,72a    Mar.  4, 1018.    White  et  al.    Power  device. 

1,058,501.  Apr.  8, 1013.  Jackson.  Method  and  apparatus  for  operating  petroleum 
explosive  engines. 

1.050.067.  Apr.  20, 1018.   Babbitt    Steam-supplied  carburetor. 
1,066,768.    July  8, 1013.    Vogt    Internal-combustion  engine. 

1,066,036.  July  8,  1013.  McKenzle.  Means  for  supplying  liquid  fuel  to  in- 
ternal-combustion engines. 

*1,068,105.    July  22,  1018.    White  et  aL    Power  service. 

1,068,830.    July  20,  1013.    Westaway.    Vaporizing  valve. 

1,070,130.    Aug.  12,  1013.    Kessler.    Explosive  engine. 

1,070,578.    Nov.  25,  1013.    Peterson.    Internal-combustion  engine. 

1,070,050.    Dec.  2, 1913.    Norton.    Vaporizing  attachment 

1,081,228.    Dec  0,  1013.    Fuchs.    Fuel  gasifler  for  internal-combustion  engine. 

1,085,425.    Jan.  27, 1014.    Hobe  et  al.    Electrical  primer. 

1,066,634.    Feb.  10,  1014.    Wright    Hydrocarbon  engine. 

1,068,854.  Mar.  8,  1014.  Wadsworth.  Fuel-feed  system  for  engines  with 
starter. 

1,006,553.  Apr.  14, 1014.  Eberla  Process  of  supplying  fuels  which  ignite  with 
difficulty  to  internal-combustion  engine. 

1,006,056.    May  12, 1014.    Ray.    Valve  for  explosive  engines. 

1,102,012.    July  7,  1014.    Harrington.    Internal-combustion  motor. 

1.104.068.  July  28,  1014.    Crothers.    Internal-combustion  engine. 
1,105,047.    July  28,  1014.    Thomson.    OH  engine. 

1,107,103.    Avg.  11,  1014.    Peaalee.    Carburetor. 

*1,107,636.    Aug.  18, 1014.    Westenderp.    Hydrocarbon  engine. 

1,111,335.    Sept  22, 1914.    Walden.    Fuel-oil  delivery  system  for  motor  vehicles. 

1,112,124.  Sept  29,  1914.  Dunton.  Fluid-pressure  means  for  forcing  fuel  into 
internal-combustion  engines. 

1,121,850.    Dec.  22,  1914.    Knesera.    Internal-combustion  engine. 

♦1,128,717.    Feb.  16,  1915.    Ottoway.    Carburetor. 

♦1,130,915.    Mar.  9,  1915.    Mansbridge  and  Nash.    Vaporizing  attachment 

1,134,684.    Apr.  6,  1915.    Kramer.    Internal-combustion  engine. 

♦1,144,549.    June  29, 1915.    Kane.    Carburetor  for  internal-combustion  engines. 

1,146,435.    July  13,  1915.    McVickar.    Internal-combustion  engine. 

1,147,193.    July  20. 1915.    Sheppard.    Primer. 

1,149,296.  Aug.  lu,  1915.  Scott  &  Sherman.  Charge-forming  device  for  ex- 
plosive en^nes. 

1,149,321.  Aug.  10,  1916.  Baker.  Method  of  and  apparatus  for  delivering 
liquid  fuel  to  oil  engines. 

♦1,149,597.  Aug.  10,  1915.  Hiker.  Regulating  means  for  internal-combustion 
engines. 

1,159,985.  Nov.  9,  1915.  Orlopp.  Fuel  connection  for  internal-combustion 
engines. 

1,163,758.    Dec  14,  1915.    Kahlenberg.    Oas  engine. 

1,166,230.    Dec.  28,  1915.    Lemp.    Fuel  pump. 

1,168,421.  Jan.  18,  1916.  Biker.  Controlling  means  for  internal-combustioa 
engine. 

1,173,105.    Feb.  22,  1916.    Internal-combustion  engine. 

Re.  10,951.    July  31,  1888.    Delamarre-Debouttevell.    Gas  engine. 

♦Re.  11,775.    Sept  26,  1890.    Pace.    Combustion  engine. 
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PART  III. 


NEW  CLASSIFICATION  AND  ASSIGNMENT  OF 
CARBURETORS. 

By  Chableb  E.  Lucks. 


)  NEW  CLASSIFICATION  OF  CARBURETORS  OF  THE  PROPOR- 
IGNING-FLOW  TYPE  ON  A  RATIONAL  BASIS  OF  SIMILARITIES 
lND  DIFFERENCES,  BOTH  OF  STRUCTURAL  AND  FUNCTIONAL 
OPERATIONS. 

rhose  cases  appearing  in  the  four  official  lists  of  carburetor  patents 
,t  upon  examination  are  found  to  be  proportioning-flow  car- 
'etors  are  marked  with  an  asterisk  [*J.  and  these  are  rearranged 
■e  according  to  the  new  basis  of  classincation,  which  provides  15 
sses  and  61  subclasses.  The  distinction  between  one  class  and  an- 
ler  is  indicated  in  Table  I,  which  serves  as  a  general  guide  to  the 
lowing  list  of  definitions  of  the  new  general  classes  and  the  several 
classes  under  each.  In  general  the  distinction  between  the  classes 
^ased  on  the  constancy  or  variability  of  the  area  of  the  fuel  and 

flow  passages,  with  reference  to  flow  rate.  Any  such  passage 
t  does  not  automatically  vary  with  flow  rate  is  regarded  as  fixed, 
n  though  a  manual  adjustment  is  provided ;  in  this  case  the  area 
idjustably  fixed.  It  is  necessary  for  the  condition  of  variable  area 
t  the  passage  be  provided  with  a  regulating  valve  which  graduates 

area  with  reference  to  flow,  and  such  a  valve  acting  as,  or  con- 
ted  to,  a  throttle,  is  regarded  as  automatic,  as  well  as  when  inde- 
ident  of  the  throttle  and  actuated  automatically  by  the  flow  itself. 

Table  I. — Chiide  to  new  clasHflcation  of  proportioning-flow  carburetors. 


Subclasses. 


Fuel  inlet. 


Air  inlet. 


1.1,1.2,1.3,1.4. 


3.1,3.2,3.3,3.4,3.5.... 

4.1 

6.1,5.2,6.3 

6.1,6.2,6.3,6.4,6.5,6.6. 
7.1,7.2,7.3,7.4,7.5 


Fixed/with  periodic  stop  valve. 
Fixed  from  pump 


Single,  fixed... 

do 

Multiple,  fixed. 

do 

Single,  fixed... 


FUed, 
Fixed, 


with 
fixed. 


air-motor    driving 


8.1,8.2,8.3,8.4,8.5,8.6. 
9.1,9.2,9.3,9.4,9.5 


10.1,  10.2,  10.3,  10.4, 
10.5, 10.6, 10.7, 10.8. 


11.1,11.2,11.8,11.4.. 


....do 

Multiple,  fixed. 
....do 


Single,  variable  with  regulating, 
valve. 

....do 

Multiple,  variable  with  regulating 

valve. 
....do 
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pump, 
clngle,  fi: 
Multiple,  fixed. 
Single,  fixed. 
Multiple,  fixed. 
Single,  variable  with  regulating 

valve. 
Multiple,  variable  with  regulating 

valve. 
Single,  variable  with  regulating 

valve. 
Multiple,  variable  with  regulating 

valve. 
Single,  fixed. 

Multiple,  fixed. 
Single,  fixed. 

Multiple,  fixed. 
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Table  I. — ChUde  to  new  classification  of  proportioning-floto  carburetors — Contd. 


Class. 

Subclasses. 

Fuel  inlet. 

Air  inlet. 

12 

13 

14 

12.1,   12.2,  12.3,  12.4, 

12.5, 12.6, 12.7, 
13.1,   13.2,  13.3,  13.4, 

13.5, 13.«. 

14.1,14.2 

Single,  yariable  with  regulating 

▼alve. 
do 

Single,  variable  with  regulating 

valve. 
Multiple,  variable  with  regulating 

valve. 
Variable  thermoetaticaUy 

Single,  variable  with  regulating 

valve. 
Multiple,  variable  with  regulating 

valve. 
Single,  variable  with  regulating 

valve. 
Multiple,  variable  with  regulating 

valve. 
Variable    thermostatically,    baro- 

15  

15.1,15.2 

metrically. 

PROPORTIONING  FLOW  CARBURETORS— NEW  CLASSES  AND 

SUBCLASSES. 

NEW  CLASS  1.— CARBURETORS,  PROPORTIONING  FLOW,  FIXED  AIR  AND  FUEL 
INLETS,  PERIODIC  FUEL  VALVE. 

Includes  all  cases  of  a  single  fuel  inlet  with  a  fuel  valve  opened 
each  suction  stroke  without  graduation  of  movement;  single  or 
double  air  inlet  with  a  similarly  operated  valve  or  no  air  valve  at 
all.  Both  the  air  and  the  fuel  passages  are  of  constant  area  when 
open.  Normally  designed  for  pressure  supplies  of  fuel  and  for 
slow  speed  engines,  more  particularly  those  of  the  hit-and-miss 
governed  stationary  type,  but  not  to  the  exclusion  of  others.  Fixed 
area  does  not  exclude  manually  adjusted  air  or  fuel  openings  or  the 
valves  to  make  such  adjustments  because  they  do  not  change  flow 
area  with  flow  rate. 

New  subclass  1,1 — MecJiardcdUy  operated  fuel  valve,  single  air 
irUet. — ^The  engine  valve  gear  operates  the  fuel  valve  with,  or  with- 
out, an  air  inlet  valve,  in  synchronism  with  the  engine  inlet  valve,  by 
direct  mechanical  movement  or  indirectly  as,  for  example,  by  mak- 
ing electrical  contacts  to  energize  a  solenoid. 

rfew  subclass  1£ — Single  air  inlet  with  automatic  valve,  fuel  inlet 
in  seat. — Single  air  inlet  fitted  with  an  automatic  valve  closed  by 
gravity  or  a  spring,  and  opened  by  the  air  flow  or  vacuum  of  disk, 
swing  or  other  type,  lifting  substantially  the  same  amount  and  ex- 
posing the  fuel  inlet  completely,  each  time  it  lifts.  The  vacuum  be- 
yond the  air  valve  has  little  or  no  influence  on  the  fuel  flow. 

New  subclass  U — Single  air  inlet  automatic  valve,  fuel  inlet  be- 
yond.— ^The  lifting  resistance  of  the  automatic  valve  results  in  a 
vacuum  beyond  it,  which  directly  influences  fuel  flow. 

New  subclass  H — Double  a4r  inlet,  primary  wnd  secondary. — Aii 
enters  at  two  points,  the  primary  directly  sweeping  the  point  oJ 
fuel  inlet  and  exerting  its  velocity  head  influence  on  fuel  flow,  th< 
secondary  entering  elsewhere  and  normally  through  a  manually  ad* 
justable  opening. 

New  class  2 — Carburetors  proportioning  flow,  metering  fuel  pump 
air  motor  driven. — ^All  types  of  air  motor  operated  by  the  air  that  u 
being  drawn  into  the  engme  by  its  piston  suction,  driving  directly  i 
fuel  pump,  when  the  air  motor  and  the  fuel  pump  are  eouivalent  t< 
two  volume  meters,  the  former  driving  the  latter.  Excluding  fue! 
pumps  operated  by  pressure  pulsations  of  the  air  as  not  essentially 
related  to  the  volume  of  air  passing,  and  also  all  engine-driven  fue! 
pumps  with  air  fans  or  compressors  as  not  essentially  proportioning 
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^  New  doss  S— Carburetors^  praportiomng  -flaw^  aepiraimg^  single 
"fixed  fuel  and  air  inlets. — All  cases  of  fuel  and  air  inlets  not  pro- 
vided with  graduating  valves,  but  allowing  manual  adjustments, 
where  the  fuel  enters  only  because  of  a  depression  of  air  pressure 
caused  by  the  air  flow  as  a  result  of  the  air  velocity'  head,  or  of  the 
entrance  resistance  or  both.  Single  inlet  for  air  includes  a  series 
of  holes  as  eouivalent  to  a  slot  when  all  the  air  flows  and  acts  in  the 
same  way.  Fuel  inlets  are  single  even  when  branched  or  of  several 
orifices,  if  all  are  located  in  tiie  same  vacuum  and  act  together.  In 
all  cases  ^^  aspirating "  implies  that  the  fuel  is  taken  ^om  a  cup 
normally,  but  not  always  of  constant  level  type,  open  to  the  atmos^ 
phere,  the  level  in  which  is  below  that  of  the  fuel  inlet.  The  ar- 
rangement is  always  such  that  there  is  no  fuel  flow  until  the  flow 
of  air  causes  a  lowering  of  pressure  at  the  fuel  outlet. 

New  subclass  SJ — Fuel  mlet  at  air  throat, — ^Air  passages  more  or 
less  regularly  tapering  toward  a  minimum  area  section  or  throat 
and  later  expanaing,  of  which  the  venturi  tube  is  the  type  form, 
and  often  called  in  the  less  perfect  forms,  **  choke "  or  "  strangle " 
tubes,  with  the  fuel  inlet  at  or  near  the  throat  Such  passages  may 
be  curved  as  well  as  straight.  Normally  the  reduction  of  pressure 
inducing  fuel  flow  is  wholly  due  to  air  velocity  head,  and  not  at  all 
to  entrance  resistance,  but  not  exclusively  so. 

New  subclass  3£ — Air  guides  or  ba^es. — ^After  or  during  entrance^ 
the  air  is  guided  so  as  to  sweep  the  point  of  fuel  entrance  to  produce 
an  air  velocity  head  vacuum  effect  on  fuel  flow,  positively  or  nega- 
tively, if  such  positive  action  tends  otherwise  to  become  too  vigorous. 

New  subclass  3,3 — Rotating  fuel  spreader^  air  driven. — ^Movement 
of  the  air  causes  an  air  motor,  usually  constructed  like  a  fan  to  rotate, 
and  the  fuel  is  discharged  directly  on  the  vanes  or  on  a  separate 
plate  driven  by  them.  The  rotation  may  aid  in  fuel  discharge  by 
centrifugal  action,  but  the  fuel  flow  is  primarily  due  to  the  vacuum 
at  the  outlet,  otherwise  the  case  would  come  under  class  2. 

New  subclass  34 — Variable  jet  and  throat  relation. — Air  passages 
normally  tapered  to  form  a  throat  and  the  fuel  inlet  located  at  the 
end  of  a  nozzle.    Either  air  throat  or  fuel  nozzle  may  be  fixed  in 

Eosition  while  the  other  moves  under  the  influence  of  the  air  flow, 
ut  without  changing  the  flow  area  of  either  the  air  or  the 
fuel  passage.  The  ef^t  is  to  change  the  velocity  head  at  the  fuel 
outlet  with  flow,  usually  automatically,  from  what  it  would  be  if 
the  fuel  outlet  remained  at  a  fixed  point  with  reference  to  the  throat. 

New  subclass  3£ — Variable  float  chamher  pressure. — Fuel  is  taken 
from  a  closed  cup  or  chamber,  fitted  with  a  valve,  float,  or  diaphragm 
controlled  for  level,  but  the  pressure  on  the  chamber,  in^ad  of 
being  constant  atmospheric  or  otherwise,  is  varied,  sometimes  in- 
crea^  to  induce  a  greater  fuel  flow,  and  sometimes  decreased  to  re- 
tard an  excess  fuel  flow.  In  some  cases  a  small  air  flow  through 
this  chamber  is  used  to  secure  the  pres^re  control  desired,  but  this 
is  not  considered  as  air  flow  in  the  ordinary  sense  because  the  quan- 
titv  is  negligible. 

New  class  i — Carburetors,  proportioning  flow  aspirating,  single 
fueh  multiple  air  inlets,  both  fixed. — ^Two  or  more  air  inlets,  all 
fixea  or  adjustably  fixed  in  area,  which  can  be  groupe^d  in  two  ways. 
The  first  grouping  is  into  primary  and  secondary,  the  former  m- 
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eluding  all  air  that  sweeps  the  fuel  inlet  and  adds  by  its  velocity 
head  some  vacuum  to  induce  fuel  flow  to  the  entrance  resistance  of 
both  primary  and  secondarv  air ;  secondary  air  being  that  which  enters 
beyond  or  by-passes  the  fuel  inlet,  and^  therefore,  has  little  or  no 
aspirating  effect  on  the  fuel  by  its  velocity  head.  Cases  of  this  sort 
are  classed  here.  The  second  ^ouping  is  into  plain  and  mixed  flow 
air  passages,  each  with  its  own  inlet,  and  such  cases  are  classed  under 
subclass  4.1«  \ 

NevT  subclaaa  J^J, — Mixed  How. — ^Part  of  the  air,  usually  a  small 
amount,  enters  the  fuel  passage,  (relieving  the  vacuum  otherwise 
acting  on  the  fuel  at  that  point  and  thereby  affecting  its  flow.  Be- 
yond the  point  of  air  entrance  into  the  fuel  passa^  both  this  air 
and  the  fuel  move  together  to  the  fuel  inlet  constituting  mixed  flow. 
This  mixed-flow  aiT  entrance  may  be  active  through  the  whole  range 
of  the  carburetor-flow  rates  or  only  during  ttie  high-flow  rate 
periods — ^i.  e.,  continuous  or  intermittent. 

New  class  & — Carburetors^  proportiomna  -flow^  aspiratinff^  rrmLtiple 
fuel^  single  air  inlets^  both  f^ed, — Fuel  inlets  are  multiple  when  they 
are  differently  situated  for  fuel  flow  at  different  heights  above  the 
level  of  the  constant  level  chamber  in  regions  of  equal  vacuum,  or 
at  the  same  heights  in  regions  of  different  vacuum,  or  both,  regard- 
less of  the  number  of  actual  orifices.  Being  fixed,  they  are  without 
valves  for  graduating  or  regulating  flow,  though  stop  valves  may  be 
present,  or  manually  adjusted  valves  or  periodic  opening  valves, 
as  in  class  1.  All  the  fuel  inlets  need  not  work  contmuouSy ;  some 
may  act  intermittently  at  some  particular  flow  rate. 

view  si^cldss  5,1 — Main  fuel  tnlet^  with  supplementary  high-speed 
jet— One  or  more  of  the  fuel  inlets  act  throughout  the  whole  range 
of  air  flow  or  mixing-chamber  vacuum,  while  another  one  or  set  oi 
fuel  inlets  will  come  into  action  when  the  vacuum  is  high,  due  tc 
high  rates  of  air  flow,  and  is  therefore  intermittent. 

New  subclass  6.2 — Main  fuel  iidet^  loith  suvplementary  idling 
jet. — ^The  supplementary  jet  acts  only  when  the  throttle  is  closed  and 
is  out  of  action  when  the  throttle  is  wide  open  or  the  air-flow  rvM 
high.  The  main  fuel  inlet  acts  throughout  the  entire  range  of  air- 
flow rates  except  perhaps  on  closed  throttle,  when  it  may  go  out  oi 
action,  being  replaced  by  the  idling  jet. 

New  subclass  6.3 — Fuel  standpipes. — A  tube  with  holes  at  diflTereni 
heights  above  the  level  in  the  constant  level  chamber  serves  as  tb 
fuel  inlet,  or  there  may  be  separate  tubes  with  outlets  placed  corre 
spondingly.  Increase  of  vacuum  in  the  mixing  chamber,  due  U 
increased  air  flow,  causes  the  fuel  to  rise  to  successively  new  and  higl 
orifices,  the  fuel  flow  increasing  correspondingly. 

New  class  6 — Carburetors^  proportiordng  flatjo^  aspirating,  multivh 
fuel  and  multiple  air  inlets^  both  fixed. — ^More  than  one  ruel  inlet 
differently  situated  for  flow,  and  more  than  one  air  inlet  also  differen 
in  position  or  action,  the  several  inlets  acting  continuously,  or  inter 
mittently  by  succession  or  alternation. 

New  subclass  6.1 — Double  carburetor^  proaressive^  by  throttHe.'- 
Two  complete  carburetors  each  with  its  own  fixed  fuel  and  air  inletf 
one  working  throughout  the  whole  range,  the  other  being  brougb 
into  action  by  the  throttle  as  it  approaches  full  open  position. 
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New  9ubd(UB  6£ — Multiple  carburetoTy  progressive^  by  throttle. — 
More  than  two  complete  carburetors,  each  with  its  own  fixed  fuel  and 
air  inlets,  one  always  in  action  and  the  others  brought  in  successively 
as  the  throttle  is  opened. 

New  svhclass  6.3 — Double  carburetor^  progressive^  by  vacwwnu — 
Two  complete  carburetors,  as  in  class  6.1,  but  the  second  brought  into 
action  bv  the  vacuum  acting  on  a  piston,  disk,  or  diaphragm,  when 
the  air  flow  in  the  first  becomes  high  enough  to  result  in  a  vacuum  in 
excess  of  a  predetermined  value. 

New  subclass  6.i — Multiple  carburetor^  progressive^  by  vacwum. — 
More  than  two  complete  carburetors,  each  with  its  own  fixed  air  and 
fuel  inlets,  one  always  in  action  and  the  others  brought  in  successively 
by  the  vacuum. 

New  subclass  6S — Mixed  -flow. — Part  of  the  air  enters  one  or  more 
of  the  fuel  passages  thereby  affecting  the  fuel  flow.  This  mixed  flow 
action  may  oe  continuous  or  intermittent  and  may  affect  all  the  fuel 
inlets  or  only  one.^  When  intermittent,  the  mixed  flow  may  act  on  one 
of  the  main  fuel  jets  to  modify  its  flow  at  high  rates,  or  at  low  rates 
due  to  closed  throttle  may  act  as  a  jet,  or  ooth.  Two  fuel  inlets, 
side  by  side,  are  multiple  when  one  dischar^s  fuel  only  while  the 
other  discharges  fuel  and  air,  even  though  me  jets  are  m  the  same 
vacuum  because  this  vacuum  does  not  act  equally  in  producing 
fuel  flow  in  both. 

New  subclass  6.6 — Fuel  standpipe. — ^Multiple  orifices  in  a  stand- 

i>ipe  at  different  levels,  or  multiple  passages  with  outlets  at  different 
eyels  coming  successively  into  action  as  the  vacuum  increases,  re- 
ceiving primary  air  from  one  or  one  set  of  air  inlets,  secondary  air 
entering  beyond  from  others. 

New  class  7 — Carburetors,  proportiomng  Jl&u)^  aspirating^  single 
fixed  inlet  and  single  air  inlet  wtth  regulating  valve. — A  fixed  f&el 
inlet  is  associated  with  one  air  inlet  provided  with  a  valve  for  graduat- 
ing the  air-inlet  area  as  flow  changes,  so  that  for  any  given  flow  rate 
the  vacuum  acting  on  the  fuel  inlet  and  inducing  fuel  flow  is  not 
the  same  as  it  woiud  be  with  a  fixed  air  inlet  The  vacuum  is,  there- 
fore, not  merely  the  result  of  a  given  rate  of  air  flow,  but  depends 
just  as  much,  or  more,  on  the  air-inlet  area  as  regulated  by  the  air 
valve.  This  air  valve  may  be  actuated  in  any  way  or  be  of  any  form, 
each  type  combination  constituting  a  subclass.  There  may  be  more 
than  one  fuel  inlet,  but  if  all  are  so  located  as  to  work  similarly  as 
to  fuel  flow  versus  air  vacuum  they  must  be  regarded  as  a  multi- 
branched  single  inlet,  even  if  supplied  with  different  fuels,  so  far  as 
proportioning  is  concerned. 

New  subclass  7.1 — Fuel  inlet  between  throttle-controUed  air  valve 
and  throttle. — ^As  the  throttle  or  mixture  outlet  valve  is  moved  the 
air-inlet  valve  moves  with  it,  thereby  ccmtroUing  to  some  extent  the 
vacuum  between  them  which  acts  on  the  fuel  flow.  The  connection 
may  be  by  simijle  linkage  or  bv  special  cams  to  secure  any  desired 
I'elative  change  in  the  areas  of  the  air  inlet  and  the  throttle  outlet. 

New  subclass  7£ — Fv^l  inlet  at  or  before  air  valve  which  acts  as  a 
throttle. — Placing  the  fuel  inlet  in  the  air  entrance,  fuel  flow  is 
induced  entirely,  or  substantially  so,  by  the  velocity  head  of  the  air, 
and  this  velocity  head  is  regulated  oj  the  air  valve.  In  such  cases 
no  separate  throttle  is  necessary ;  the  air  valve  itself  may  be  regarded 
as  the  throttle  and  called  such  instead  of  air  valve. 
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Nev)  Bfubcla»%  7J3 — Fuel  Met  between  aatomatic  air  vdhe  and 
throttle. — ^Air  enters  throujgh  an  automatic  air  valve  of  any  form, 
opened  by  the  vacuum  against  a  spring  or  gravity  closing  load,  and 
the  vacuum  which  acts  on  the  fuel  inlet  is  controlled  oy  the  size 
form  and  loading  of  this  automatic  valve.  The  automatic  air-inlet 
valve  may  close  the  air  entrance  completely  or  there  may  be  some 
fixed  air  inleta  nearby.  If  the  air  from  such  fixed  air  inlet  moves 
with,  the  air  from  the  automatic  valve,  the  effect  is  substantially 
the  same  as  if  all  the  air  entered  through  the  automatic  valve,  which 
still  is  the  controlling  element  in  the  fuel-flow  vacumn.  Wh&n  part 
of  the  air  enters  through  a  fixed  and  part  through  ani  automatic 
valved  inlet,  one  acting*  as  primary  and  the  other  as  secondary  air, 
the  case  falls  under  subclass  8.2. 

New  subclass  TJ^ — Fuel  inlet  swept  by  air  entering  through  auto- 
matic  air  valve, — ^This  subclass  differs  from  the  last  in  the  positicm 
of  the  fuel  inlet  with  relation  to  the  air  inlet.  Here  the  fuel  inlet 
is  so  located  as  to  be  directly  swe^t  by  the  entering  air,  fuel  flow 
being  largely  dependent  on  the  air-velocity  head.  Normally  the 
automatic  air  valves  of  this  subclass  are  but  lightly  loaded  or  the 
lead  does  not  increase  fast  enough  with  flow,  and  there  is  insufficient 
air-entrance  resistance  to  alone  produce  the  vacuum  required  to 
draw  enough  fuel.  The  automatic  valve  need  not  completely  dose 
the  air  inlet;  there  may  be  fixed  air  inlets  nearby;  but  no  combina^ 
tion  that  could  be  regarded  as  divisible  into  primary  and  secondary 
air  is  permissible  in  uie  subclass. 

New  subclass  7J5 — Variable  float  chamber  pressure. — Fuel  is  taken 
from  a  closed  chamber  fitted  with  a  level  control  valve,  but  the  pres- 
sure in  the  chamber  is  varied  by  connection  to  the  carburetor  interior 
to  control  the  flow  of  fuel  from  the  single  fixed  inlet,  in  addition  to 
such  control  as  might  be  available  with  the  variable  air  inlet.  A 
small  air  flow  through  the  float  chamber  used  solely  to  secure  the 
desired  pressure  on  the  surface  of  the  fuel  is  not  regarded  as  air  flow 
in  the  general  sense. 

New  class  8 — Carburetors^  j)roportioning  f^ow^  aspirating^single 
•fixed  fuel  inZet^  multiple  air  vrdets^  valved  for  regulation. — ^The  air 
enters  at  more  than  one  point,  the  entrance  locations  being  such  that 
their  aid  does  not  act  the  same  in  inducing  fuel  flow.  The  difference 
may  be  that  corresponding  to  primary  versus  secondary  air  or  main 
versus  mixed-flow  air.  At  least  one  of  the  air  inlets  has  a  regulating 
valve  operated  automatically  or  by  the  throttle,  and  the  others  may 
be  fixed  or  themselves  fitted  with  regulating  valves. 

New  subclass  8 J — Two  air  inlets^  fixed  primary^  th^rottle  controlled 
secondary  tegulatiTig  air  valve. — ^A  fixed  air  passage  carries  a  fixed 
fuel  jet  and  beyond  it  secondary  air  is  admitted  through  a  port  con- 
trolled directly  by  the  throttle  itself  or  by  a  separate  valve  linked  to 
the  throttle.  The  secondary  air  may  enter  at  all  throttle  positions  or 
be  cut  off  when  throttle  is  nearly  closed. 

New  subclass  8£ — Two  air  inlets^  fixed  primary^  automatic  sec- 
ondary regulating  air  valve. — ^To  the  mixture  formed  from  the  fixed 
fuel  and  primary  air  inlets  secondary  air  is  added  through  an  auto- 
matic valve,  which  opens  when  the  vacuum  exceeds  its  closing  load. 
The  automatic  valve  need  not  completely  close  the  secondary  air 
inlet.    There  may  be  fixed  inlets  near  by,  but  it  does  control  the  final 
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vacuum  and  total  amount  after  it  opens.  Similarly  the  primary  air 
may  leave  more  than  one  orifice. 

rJew  suhclasa  8 J — Two  air  inlets,  both  with  regulating  valves,  one 
automatic,  the  other  throttle  controlled. — ^Primary  air  may  enter 
through  tne  automatic  and  the  secondary  air  through  the  throttle 
controlled  valve  or  vice  versa.  As  in  other  cases,  the  regulating  aii 
valve  need  not  completely  close  the  air  inlet  it  controls,  and  may  be 
of  multiorifice  form. 

New  subclass  84 — Two  air  intets,  both  with  automattC'regulatinp 
valves. — Both  primary  and  secondary  air  enter  through  automatic 
valves,  which  may  be  entirely  separate  and  similar  or  different  in 
form,  size,  or  loading,  or  there  may  be  one  ordinary  automatic  valve, 
with  a  linkage  connection  controlling  another  valve  entirely  differ- 
ent. In  all  cases  it  is  the  vacuum  that  controls  not  only  the  whole 
air  but  the  relative  amounts  of  primary  and  secondary,  either  di- 
rectly or  indirectly  automatically  and  independent  of  the  throttle. 

New  subclass  8.S — Two  air  inlets,  both  with  throttle-controUed 
regulating  valves. — ^There  may  be  three  valves,  two  for  air  inlet  and 
a  third  acting  as  throttle,  or  onlv  two,  the  two  air  inlets  moving  to- 
gether and  acting  as  throttle;  out  in  both  cases  the  primary  and 
secondary  air  are  controlled  in  ratio  as  well  as  total  quantity  by 
mechanically  operated  valves  acting  as  throttle  or  connected  to  it. 

New  svhclass  8.6 — Mixed  flow. — Part  of  the  air  enters  the  fuel 
passage,  affecting  the  fuel  flow  and  emerging  with  the  fuel  from  the 
fuel  mlet  either  continuously  or  intermittently.  The  other  air 
stream,  or  main  air,  may  enter  in  any  of  the  ways  appropriate  to 
the  class,  through  one  or  more  inlets  with  regulating  valves.  Nor- 
mally the  mixed-flow  air  inlet  has  no  valve  except  as  a  liquid  seal 
may  act  as  a  stop  valve,  but  a  regulating  valve  may  be  added. 

New  class  9 — Carburetors,  proportioning  flow,  aspirating,  multiple 
flxed  fuel  irUets,  single  air  inlet  with  regulatijig  valve. — ^A  series  of 
fuel  inlets  without  regulating  valves  are  so  disposed  as  to  be  acted 
upon  differently  by  the  air  which  enters  through  a  single  valve  regu- 
lating the  air-inlet  area.  The  fuel  inlets  may  oe  located  in  the  same 
position  or  vacuum  region  and  arranged  to  be  brought  into  action 
successively  as  the  air-inlet  area  increases,  or  they  may  be  arranged 
at  different  levels  in  the  same  chamber,  to  be  brought  into  action  as 
the  vacuum  causes  the  level  to  rise,  or  they  may  be  located  in  different 
places  in  the  chamber  where  the  vacuum  is  different. 

New  subclass  9.1 — Fvsl  inlets  act  progressively  with  opening  of 
single  automatic  air-inlet  regulating  valve. — ^Air  enters  through  a 
port  controlled  by  an  automatic  valve,  spring  or  gravity  loaded^  usu- 
ally the  former,  and  opened  by  the  vacuum..  As  the  effective  size  of 
the  air  inlet  increases,  the  fuel  inlets  are  brought  into  action  succes- 
sively as  the  air  sweeps  past  an  increasing  number.  Fuel  flow  is 
induced  primarily  by  the  air-velocity  head  past  each  fuel  inlet  in 
turn,  though  not  exclusively  so,  and  the  fuel  inlets  are  located  at  or 
before  the  air  inlet. 

New  subclass  93 — Fuel  inlets  act  progressively  with  opening  of 
single  throttle-controlled  air-inlet  regulating  valve,  or  air  valve  act- 
ing as  throttle. — ^Instead  of  moving  automatically,  as  in  the  last  sub- 
class, the  air  valve  is  here  controlled  by  the  throttle  or  is  itself  the 
throttle,  otherwise  there  is  no  difference. 
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New  mbclasa  9.3 — Fuel  stcmdpipe. — Single  tubes  with  holes^  or  a 
series  of  tubes  with  outlets,  successively  higher,  arranged  in  a  cham- 
ber supplied  with  air  from  an  air  inlet  having  a  regulating  valve, 
either  automatic  or  throttle  controlled. 

New  subclass  94 — Two  fuel  inlets^  one  main  aaid  one  idling. — ^A 
main  fixed  fuel  inlet  is  disposed  between  the  automatic  valved  air 
inlet  and  the  throttle,  with  a  supplementary  fuel  inlet  located  so  as 
to  be  brought  into  action  when  the  throttle  is  closed,  or  nearly  so. 
Two  fuel  inlets  may  be  similarly  arranged  for  the  main  and  supple- 
mental low  speed  or  idling  action,  associated  with  an  air-inlet  regu- 
lating valve,  throttle  controlled,  or  acting  as  throttle,  in  which  case 
one  or  both  of  the  fuel  inlets  may  be  at  or  in  front  or  the  air. 

New  subclass  9.& — Tilting  fuel  chamber^  radially  disposed  fuel 
inlets. — ^Either  the  float  chamber  itself  or  a  supplemental  chamber 
connected  with  it,  in  which  the  fuel  level  is  under  control,  lies 
wholly  within  the  air  passage,  and  arran^d  to  be  tilted  or  partially 
rotated  so  as  to  bring  into  action  successively  a  series  of  fuel  inlets 
disposed  about  its  axis.  The  tilting  is  accomplished  by  a  connection 
with  the  throttle,  and  the  chamber  itself  may  act  as  air-regulating 
valve,  or  as  both  throttle  and  air  valve. 

New  class  10 — Carburetors^  proportioning  flow^  aspirating,  multi- 
ple fixed  fuel  inlets  with  air  inlets^  valved  for  regidation. — ^Multiple, 
applied  as  ter,  to  fuel  inlets  implies  that  the  several  inlets  shall  be 
at  least  in  part  subjected  to  different  fuel  flow  conditions,  and  either 
regularly,  intermittently,  or  successively  have  imposed  upon  them  more 
or  less  different  conditions;  mere  multiplicity  of  orifices  is  not  in- 
tended. The  term  multiple  applied  to  air  inlets  has  a  similar  sig- 
nificance, the  several  air  inlets  either  act  differently  at  the  same  time, 
or  act  in  succession  or  alternately.  At  least  one  of  the  air  inlets  has 
a  regulating  inlet  valve,  controlled  by  the  throttle  or  acting  as 
throttle,  or  automatic,  and  all  the  inlets  may  be  similarly  valved. 

New  subclass  10.1 — Main  fuel  inlet^  with  supplementary  high- 
speed  jet. — ^Two  fuel  inlets,  both  fixed,  one  the  mam  or  low-speed  jet, 
acting  constantly,  and  the  other  a  supplementary  or  high-speed  jet, 
brought  into  action  at, high-flow  rates  by  the  vacuum,  by  the  opening 
of  a  secondary  automatic  air  valve.  Normally  the  main  jet  is  located 
in  a  fixed  air  inlet  and  there  is  an  automatic  secondary  air  valve, 
through  other  air-inlet  arrangements  are  included,  provided  one  at 
least  has  a  regulating  valve. 

New  subclass  10£ — Main  fuel  inlet^  with  supplementary  idling 
jet. — ^Two  fuel  inlets,  both  fixed,  one  the  main  or  high-speed  jet  acting 
constantly  except  perhaps  at  low  rates  or  closed  throttle,  the  other  a 
supplementary  idling  jet  brought  into  action  by  the  throttle  in  its 
closed  or  nearly  closed  position  and  normally  replacing  the  main 
jets  for  low-flow  rates.  In  all  cases  there  is  more  than  one  air  inlet 
and  at  least  one  of  them  has  an  automatic  regulating  valve;  the  nor- 
mal case  is  that  of  one  fixed  primary  or  mam  air  and  an  automatic 
secondary. 

New  subclass  10.S — Multiple  carburetor^  progressive^  by  throttle.^ 
with  individual  automatic  atr-inlet  regulating  valves. — ^Two  or  more 
fixed  fuel  inlets,  each  located  in  a  separate  air  passage,  supplied 
through  an  automatic  air-inlet  valve,  brought  into  action  in  succes- 
sion by  the  throttle.    The  Automatic  air-inlet  valves  may  or  may  not 
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completely  close  the  air  inlets,  but  even  if  there  are  near  by  fixed  air 
inlets,  the  automatic  valves  control  the  air  flow  and  the  vacuum  at 
the  fuel  outlet  when  they  open.  There  may  be  a  secondary  air  inlet 
for  each  jet  or  a  common  one  for  all  or  none  at  all. 

Nev)  subclass  IO4.. — Multiple  carburetor^  progressvoe^y  vacumn^ 
with  individual  automatio  air-inlet  regulattng  valves. — ^This  subclass 
is  similar  to  the  last,  except  that  the  progressive  acting  of  the  sev- 
eral similar  members  is  controlled  by  an  automatic  vSve,  vacuum 
moved,  at  their  outlets.  ^ 

New  subclass  10.S — Fuel  standvipe. — ^Fuel  rises  with  increase  of 
vacuum  successively  higher  outlets  in  a  single  standpipe  or  in 
separate  tubes,  located  in  a  fixed  primary  air  passage,  secondary  air 
entering  through  an  automatic  valve  in  a  separate  air-inlet  passage. 

New  subclass  10.6 — Mixed  flow. — ^Part  of  the  air  enters  one  or  more 
of  the  fuel  passages  affecting  the  fuel  fiow  in  it  and  making  it  a 
mixed  fiow  passage,  either  steadily  or  intermittently,  the  fuel  likewise 
flowing  from  its  several  inlets  either  steadily  or  intermittently. 
When  the  action  of  the  air  into  a  mixed  flow  passage,  or  that  of  the 
fuel  through  an  inlet,  is  intermittent,  this  may  be  due  to  throttle 
position  or  to  vacuum  or  both. 

New  class  11 — Carburetors^  proporti&nmg  "floWj  aspirating ^  single 
or  multiple  fuel  inlets  with  regulating  valves^  single  or  madtiple  fixed 
air  inlet. — ^Fixed  air  inlets  are  associated  with  fuel  inlets  provided 
with  fuel-regulating  valves  in  any  number,  from  one  fixed  air  and 
one  regulated  variable  fuel  upward.  The  fuel-regulating  valve  may 
be  actuated  by  a  throttle  connection  or  by  the  vacuum  or  by  the  air 
fiow  directly. 

New  subclass  11.1 — Single  fuel4nlet  valve^  throttle  eontroUed. — 
To  a  fixed  air  passage  the  single  fuel  inlet  is  connected  in  any  of  the 
ways  already  dassified  for  fixed  fuel  inlets,  but  here  the  fuel  inlet 
is  provided  with  a  regulating  valve  connected  to  and  moving  with 
the  throttle,  so  that  fuel  fiow  no  longer  varies  primarily  as  a  result 
of  a  change'  in  the  air  vacuum,  but  also  directly  as  a  result  of  the 
area  made  available  for  its  fiow  by  the  fuel-regulating  valve.  A 
secondary  fixed  air  passage  may  be  present. 

New  subclass  11  £— Single  fuel  inlet,  independently  controlled  by 
air  fiow  or  vacuvmi. — One  fuel  inlet  with  a  graduating  valve  directly 
actuated  by  the  vacuum  or  by  the  air  fiow  acting  by  impact  on  a 
moving  member  or  lifting  a  fiow  valve,  without  affecting  the  air 
inlet  area  up  to  the  point  of  fuel  inlet.  There  may  be  a  fixed  sec- 
ondary air  passage. 

New  subclass  11.S — Mixed  -fiLow. — One  or  more  fuel  inlets,  at  least 
one  with  a  fuel  regulating  valve  actuated  in  any  way.  Two  or  more 
air  inlets,  at  least  one  ot  which  enters  the  fuel  passage  affecting  its 
flow  and  making  it  from  that  point  on  a  mixed  flow  passage. 

New  class  12^ — Carburetors,  proportioning  -flow,  aspirating,  single 
fuel  and  air  inlets,  both  toith  regulating  valves. — Regulating  valves 
are  provided  to  control  the  areas  of  both  the  single  air  and  fuel 
mlets,  so  proiK>rtionality  becomes  as  much  a  matter  of  the  relative 
areas  of  two  variable  inlets  as  of  the  vacuum  at  the  fuel  inlet  that 
results  from  the  air  flow. 

New  subclass  12 J — Valved  fuel  inlet  heyond  air  inlet  valve  acting 
as  throttle^  fuel  valve  controlled  by  air  valve. — ^A  direct  connection 
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between  the  fuel  and  the  air  inlet  yalve  controls  the  total  quantitjr 
of  air  and  fuel  and  the  ratio  by  inlet  areas  alone.  The  fuel  inlet  is 
in  a  region  where  the  vacuum  is  that  due  to  the  air  flow  through 
the  restricted  valved  inlet. 

New  subclass  12£ — Valved  fuel  inlet  between  air  mlet  valve  and 
throttle^  both  fuel  and  air  vcdves  controlled  by  the  throttle. — By 
using  a  throttle  in  addition  to  an  air  valve  the  vaccum  between  them 
is  under  control,  and  by  it  the  fuel  flow  also,  independent  of  such 
fuel  flow  control  as  results  directly  from  the  fuel  regulating  valve 
linked  to  both  throttle  and  air  valve. 

New  stibclass  12£ — Valved  fuel  inlet^  at  or  in  front  of  air  valve 
acting  as  throttle^  fuel  valve  controlled  by  air  valve, — ^Locatinff  the 
fuel  mlet  at,  or  in  front  of  the  air  valve  opening  relieves  it  of  the 
vacuum  beyond,  and  the  fuel  flow  is  normally  though  not  exclusively 
the  result  of  air  velocity  head  at  the  entrance,  the  fuel  area  being 
graduated  to  correct  excesses  or  deficiencies  or  fuel  flow  otherwise 
present. 

New  subclass  1£4 — Valved  fuel  inlet  between  automatio  air  inlet 
valve  and  throttle,  fuel  valve  controlled  by  throttle. — ^Air  entrance 
through  an  automatic  valve  results  in  a  limited  variation  of  vacuimi 
at  the  point  of  fuel  inlet  affecting  fuel  flow,  which  is  also  subject 
to  the  variations  of  fuel  inlet  area  resulting  rrom  the  control  of  the 
fuel  valve  by  the  throttle.  The  automatic  air  inlet  valve  may  or 
may  not  close  the  inlet  completely,  but  it  controls  the  air  flow  and 
vacuum  even  if  some  fixed  air  inlets  are  located  nearby. 

New  subclass  1S£ — Valved  fuel  irUet  between  automatic  air-inlet 
valve  and  throttle,  fuel  valve  controlled  by  automatic  air  valve. — As 
in  the  last  case  the  fuel  inlet  is  subjected  to  the  entrance  resistance 
of  the  air  passing  the  automatic  valve  and  the  fuel  flow  is  the  result, 

{)artly  of  tnis  and  partly  of  the  change  in  the  fuel  inlet  area  as  regu- 
ated  by  the  fuel  valve  which  is  here  actuated  by  automatic  valve. 
Normally  both  air  and  fuel  are  primarily  controlled  in  quantity  and 
proportion  by  the  two  relative  and  connected  valved  openings  rather 
than  by  any  material  vacuum  change,  though  not  exclusivdy.  The 
automatic  air  valve  need  not  completely  close  the  air  inlet. 

New  subclass  12S — Valved  fuel  irdet^  between  air  inlet  valve  cmd 
throttle,  fuel  valve  vontrolled  independently  by  vacuaim  or  air  flow. — 
The  air  inlet  valve  may  be  either  sort,  automatic  or  mechanically 
connected  to  throttle,  but  the  fuel  valve  is  controlled  independently 
of  the  air  valve  or  throttle,  by  the  vacuum  directly,  or  by  flow  valves 
beyond  it,  or  by  air  impact  on  moving  members. 

New  subclass  12.7 — Variable  float  chamber  pressure. — ^In  addition 
to  the  use  of  a  fuel  inlet  with  a  regulating  valve  associated  with  an 
air  inlet  similarly  provided  with  a  regulatmg  valve,  fuel  flow  is  sub- 
jected to  the  further  control  of  the  pressure  m  a  closed  float  chamber 
which  is  varied  by  a  connection  to  the  vacuum  chamber  of  the  car- 
buretor. Any  air  ti^at  flows  through  the  float  chamber  as  part  of 
the  means  of  pressure  control  on  the  fuel  surface  is  disregaraed. 

New  class  13 — Carbwretors,  proportioning  flow,  aspirating,  sinale 
fuel  and  multiple  air  inlets,  both  with  regulating  valves. — ^Normally, 
two  air  inlets,  one  primary  and  the  other  secondary,  are  associated 
with  a  single  fuel  inlet  having  a  regulating  valve,  but  there  may  be 
more  air  inleta 
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New  subclass  IS  J — Valved  fuel  inUt^  "fixed  primarj/  airy  fa>ed  or 
'OiH/oed  secondary  air  irdety  throttle  control  of  fuel^nlet  valve  and  of 
secanda^n/  air  valve. — ^The  changes  in  vacuum  at  the  fuel  inlet  sup- 
plied with  primary  air  from  the  fixed  air  inlet,  even  as  modified  by 
a  fixed  or  throttle-controlled  secondary  air,  are  not  relied  upon  to 
control  fuel  flow,  but  a  fuel-regulating  valve  actuated  by  the  throttle 
is  added* 

New  subclass  1S£ — Valved  fuel  irdet^  valved  prmuxry  and  second* 
ary  air  inlets,  throttle  control  of  both  air  inlets  crndfuelrinlet  valve, — 
Variation  oi  two  air-inlet  areas  and  the  fuel-inlet  area  with  the 
throttle  subjects  both  air  and  fuel  flow  to  the  control  of  mechanically 
related  inlet  and  throttle  outlet  areas,  and  the  vacuum  at  the  fuel 
outlet  still  remains  as  a  factor. 

New  subclass  13,3— Valved  fuel  inlet,  fixed  primary  and  throttle* 
con^oUed  secondary  air  inlets^  fuel  valve  corUroUed  by  the  vacuum 
or  air  fiovo  independently. — Fuel-inlet  area  is  dependent  upon  the 
vacuum  or  air-flow  conditions  independent  of  the  throttle  or  of  the 
throttle-controlled  secondary  air. 

New  subclass  134 — Valved  fuel  inlets  fixed  primary  and  automatio 
valved  secondary  air  inlets^  fuel  valve  controlled  by  the  throttle.-^ 
Fuel-inlet  area  is  dependent  upon  the  mixture-outlet  area  by  the 
throttle  connection  and  is  independent  of  the  air-inlet  areas,  the 
vacuum  at  the  fuel  inlet  being,  however,  directly  dependent  on  the 
air  inlets. 

New  subclass  1S£— Valved  fuel  inlety  fixed  primary  and  automatio 
valved  secondary  air  inlets,  fuel  valve  controlled  by  the  automatio 
secondary  air  valve. — ^The  throttle  is  independent  Fuel-inlet  area 
is  relatea  to  the  movement  or  entrance  area  of  the  automatic  second- 
ary valve. 

New  subclass  ISS — VdJ/oed  fuel  inlet^  valved  primary  and  secondary 
air^  both  automatic^  fuel  valve  controlled  by  one  or  both  automatic 
air-inlet  valves. — ^The  two  air-inlet  automatic  valves  may  be  in- 
dependent or  consist  of  two  ports  controlled  by  one  valve,  and  the 
inlets  need  not  be  completely  closed  by  the  automatic  valves  so  long 
as  they  control  the  flow  and  the  resulting  vacumn. 

New  class  H — Carburetors^  proportioning  fiow^  aspirating^  mul- 
tiple fuel  and  air  inlets,  both  with  regulaling  valves. — ^Two  or  more 
fuel  mlets  each  differently  situated  or  different  in  action  are  asso- 
ciated with  two  or  more  fuel  inlets  each  acting  differently  with 
respect  to  flow,  and  at  least  one  of  the  fuel  and  one  of  the  air  inlets  is 
provided  with  a  regulating  valve,  though  all  may  be  so  equipped. 

New  subclass  14 J — Two  fuel  inlets,  one  fixed  main  and  one  valved 
supplementary  high-speed  jet,  two  air  inlets,  one  fixed  primary  and 
one  valved  secondary.— A  two-jet  type  of  carburetor,  tne  second  or 
high-speed  jet  coming  into  action  with  the  opening  oi  the  secondary 
air  valve  automatically  or  brought  in  by  the  vacuum  due  to  hi^h- 
flow  rates.  However  brought  in,  the  high-speed  jet  is  provided  with 
a  regulating  valve. 

New  subclass  H£ — Multiple  carburetors,  progressive  by  throttle 
or  vacuwrn. — Two  or  more  complete  carburetors,  each  witn  its  own 
fuel  and  air  inlet,  both  with  regulating  valves,  and  brought  succes- 
sively into  action  oy  either  the  throttle  or  the  vacuum.  There  may  be 
a  common  secondary  air  inlet  at  their  outlets,  throttle  controlled  or 
automatic 
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New  class  IS — Carbwretora^  proportioning  How^  aspirating^  therma- 
static  or  barometric  control. — Density  corrections  for  air  or  fuel,  and 
for  viscosity  of  fuel  to  compensate  for  changes  in  temperature  of 
either^  or  changes  in  absolute  pressure  of  the  former,  by  actuating 
their  mlet  valves  or  by  restoring  the  original  value  of  the  variable. 

New  subclass  16 J — Thermostatic  controls. — Automatic  means  of 
keeping  a  constant  temperature  of  air  or  fuel  or  both  or  of  actuating 
the  regulatings^  valves  to  compensate  for  temperature  changes. 

New  subcuiss  16£ — Barometric  controls. — ^Automatic  means  of 
keeping  the  absolute  pressure  of  the  air  supplj  constant  or  of  actu- 
ating the  air-inlet  valves  to  compensate  for  variations. 

(B)  Assigiimeiit  to  the  new  dasses  and  sabdasses  <tf  aD  United  States 
patents  for  ''proportioning-flow''  type  carburetors  found  in  die 
official  lists  of  Part  n  (A),  (B),  (C)  and  (D),  constituting  a  new  list 
of  aD  United  States  patents  contaming  proportioniog-flow  carburetors 
arranged  according  to  the  new  dassiflcation. 

United  States  patents. 


Patent  No. 

ProMnt  official— 

Patent  No. 

Present  Affldal- 

Class. 

Subclass. 

Class. 

SabdasL 

portionliu-flow  fixed  air  and 
foel  inlflls,   perJodIo   ftiel 
▼aire: 
617,344 

128 

48 

123 

C.R.2 

48 

123 

123 

123 

48 

C.R.2 

C.R. 

123 

C.R.2 

123 

C.R.2 

48 

123 

C.R.2 

C.R. 

/         261 

i         123 

C.R.2 

48 

C.R. 

C.R.2 

C.R.2 

261 

48 

123 

C.R.2 

48 

261 

48 

48 

48 

48 

123 

48 

48 

48 

123 

48 

48 

48 

48 

130 
149 
28 

portkming-flow  fixed  air  and 
fuellnlSs,  periodic   fuel 
Talve— Continued. 
747,235 

48 
123 
48 
C.R.2 
48 
48 
48 
C.R.2 
48 
48 
48 
123 
48 
261 
261 
48 
48 
48 
48 
123 

C.R.2 
48 
48 
48 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 

154.1 

58i,779 

748,990. 

129 

532,314 

756,879 

150  1 

634,354 

760,333 

£56,000 

154.1 

85 

85 

35 
155 

760.673 

154*1 

665,033 

761,192. 

155 

666,125 

761,802.. !...!! '...'.'.'. 

154.1 

678,084. 

778,154      .  . 

681,930 

778,968 

148 

684,666. 

791  102 

154.1 

687,627 

m" 

793,498 

155 

606,832. 

794,192. 

138 

609,375 

806,079 

154  1 

609,376. 

n2 

811,307...!.!!!.!!!!!..!!!*. 

62 

608,068. 

817,051  .                      .  . 

12 

611,341 

134.1 
123 

820,406 

154  1 

614,114 

826,787 

154.1 

627,369 

842,429 

154.1 

632,860 

si" 

133 

850,223 

154.1 

635,208. 

880,630 

35 

680,048. 

863,516 

■     886,002 

640,191 

154.1 

868,265 

155.2 

657,140 

871.288 

150.1 

668,127 

878,824 

155 

658!307 

890,009 

154.1 

668,053 

18 

154.1 
110 

i54.*i 

67 
148 
154.1 
155 
148 
123 
155 
154.1 
154.1 

35 

154.1 
154.1 
154.1 
154.1 

801,322. 

150.  a 

670,021 

911,967 

154.1 

680,116. 

015,684 

154.1 

682,682. 

930,483 

668!367 

044,811 

154.1 

602,444. 

9^'},'m      

154.1 

696,231 

073,882. 

154.1 

708,937. 

074,083 

154.1 

705,314. 

975,096 

705,021  .  . 

076,409 

155.1 

722,672. 

078,076 

154.1 

706,050. 

ggJ'ggQ 

154.1 

714,082.     . 

070|409 

154.1 

724,328. !!!!!!! 

999.033 

154.1 

726;ioi 

owSs?!!!!. !.!!!!!. !!!!!.! 

727  476. 

154.1 

729,254         

l,W7',(iS9 

154.1 

730,608 

1,000,252 

154.1 

741,960 

i,02i,aa6 

154.1 
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Patent  No. 


PrflMiit  afflcial~~ 


ClMB.      SubdasB. 


FatOQt  No. 


Prwcnt  offldal— 


Class,     SubclasB. 


New  dus  1,  earboroton,  pco- 
porUonlng-flow  fixed  air  and 
ftiel  Inlets,  periodJo  ftiel 
valTO— Ckmtfaiued. 

1,039,606 

1,044,314 

1,049,318 

1,068,866 

1,111,179 

1,130,397 

1,124,911 

1,138,968 

1,130,338 

1,137,728 

1,145,854 

1,146,181 

1,151,156 

1,173,358 

New  class  1.1,  mechanieallT- 
operated  iliel  valve,  atai^e 
air  inlet: 

433,806 

433,807 

437,507 

456,884 

482,202 

526,867 

537,370 

550,451 

573,762 

574,183 

685,115 

596,809 

527,887 

658,594 

659,095 

679,063 

690,481 

738,873 

740,571 

761,292 

788,748 

792,894 

806,822 

846,434 

857,111 

868,046 

885,598 

924,483 

951^ 

New  class  1.3,  single  air  inlet 
with  automatic  valve,  fuel 
inlet  in  seat: 

417,934 

418,039 

623,611 

532,100 

639,710 

566,717 

563,541 

593,043 

503,911 

506,986 

600,147 

608,986 

627,219 

635,166 

646,044...: 

683,110 

690,113 

700,205 

719,536 

722,357 

729,377 

731,218 

755,098 

782,471 

806A39 


48 
48 
48 
C.R. 
48 
48 
48 
48 
48 
48 
48 
48 
123 
48 


C.R.2 

C.R. 

128 

C.R.2 

C.R.2 

C.R.2 

C.R.2 

C.R.2 

123 

123 

C.R. 

123 

123 

C.R. 

123 

123 

123 

C.R.2 

123 

C.R. 

48 

123 

123 

123 

C.R.2 

48 

123 

123 

C.R.2 

128 


C.R.2 

123 

C.R.3 

C.R.2 

C.R.2 

C.R. 

C.R. 

C.R.2 

48 

123 

C.R.2 

C.R.2 

C.R.2 

48 

C.R. 

48 

48 

123 

48 

48 

123 

48 

123 

128 

C.R.2 


154.1 
154.1 
154.1 

"i54.i 
154.1 
154.1 
154.1 
154.1 
154.1 
154.1 
154.1 
123 
154.1 


New  class  1.3,  single  air  Inlet 
with  automatio  valve,  fuel 
inlet  in  seat— Continued. 
817,721 


819,239.. 
856,760.. 
866,490.. 
868,393.. 
874,823.. 
877,753.. 
894,656.. 
913,313.. 
922,374.. 


948,977., 
065,218.. 


122 
121 

'122* 
123 

'iii' 

133 
121 


85 

'iso.i 

123 
121 
119 


168 
133 
123 

"35' 


129 


155 
34 


155.1 

'168* 
154.1 
86 

155.1 
154.1 
123 
164.1 
141 
123 


970,251 

973,066 

978,787 

996,919 

1,046,141 

1,048JJ18 , 

Re.  13,580 

1,067,351 

1,086,359 

1,005,622 

1,101,147 

1,156,836 

New  class  1.3,  single  air  inlet 
automatio  valve,  fuel  inlet 
beyond,' 

441 


48 

123 

C.R.2 

48 

123 

C.R.2 

123 

48 

48 

48 

C.R. 

48 

123 

123 

961 

48 

48 

48 

48 

48 

48 


8,386.. 
496,447.. 
500,401.. 


515,050.. 
552,263., 
567,253.. 
578,683., 


593,911... 
609,557... 
616,974... 
632,917... 
633,800... 
638,529... 
665,496... 
671,743... 
619,776... 
676,285... 
680,572... 
680,961... 
681,287... 
694,708... 
709,126... 
709,428... 
710,841... 
746,701... 
756,908... 
799,791... 
806,125... 
835,564... 
837,984... 
863,516... 
882,023... 
892,501... 
904,508... 
912,998... 
912,909... 
930,443... 
938,894... 
952,547... 
963,804... 
964,409... 
064,831... 
088.659... 
1,022,803. 


C.R.2 

48 

48 

48 

48 

123 

48 

48 

123 

C.R. 

48 

48 

C.R.2 

48 

48 

48 

123 

C.R.2 

123 

48 

C.R. 

C.R.2 

48 

123 

123 

C.  R. 

C.R.2 

48 

48 

C.  R. 

t     ^ 

48 
48 
48 

C.R.2 
C.R. 
48 
48 
48 
48 
48 
48 
C.R. 
48 
48 

C.R.2 


166 
26 


154.1 
129 


120 
150.3 
154.1 
154.1 

*i64.*i 
123 
141 
50 

155.3 
154.1 

isa2 

155.2 
154.1 
150.3 


154.1 
154.1 

150.1 
150.1 
148 


154.1 

154.1 

154.1 

154.1 

123 

154.1 

154.1 

122 

*i64.'i 
15a  3 


154.1 
148 
148 
132 


122 
154.1. 


154.1 

123 

136 


151.1 
156.3 

'isi'i 

168 

154.1 

155.2 


154.1 
154.1 
154.1 
154.1 
150.2 
154.1 

'isi'i 

154.1 
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Patent  No. 


Pnsent  offldal— 


GlMB.      BabdasB. 


Patent  No. 


Present  affldal— 


caasB.     Sobdaa. 


New  class  1.3,  single  air  in- 

*  let  automatic  valve,  fuel 

inlet  beyond— Continued. 

1^1^ 

1^,630 

IfiMflSO 

1,111,887 

1,187,727 

New  class  1.4,  double  air  In- 
let, primary  and  secondary: 

610,460 

679,387 

715,308 

717,000 

736,191 

726,671 

741,224 

800,777 

888,263 

896,388 

903,206 

938,804 

939,856 

951,002 

1,178,530 

1,181,614 

New  class  2,  carburetors,  pro- 
portioning flow,  metering 
mel  pump,  air  motor  driven: 

957,976 

1,048,083 

1,119,479 

1,127,120 

1,137,238 

1,149,323 

1,150,116 

1,153,077 

New  class  3,  carburetors,  pro- 
portioning flow,  asplratuiff, 
single  fixed  fuel  and  air 
inlets: 

439,813 

477,296 

642,043 

650,675 

613,757 

627,867 

633,274 

634,242 

640,394 

640,674 

644,566 

650,736 

668,267 

670,803 

671,714 

682,506 

682,606 

685,993 

690,610 

690,989 

«M,110.....* 

606,146 

702,469 

703,769 

706,995 

706,494 

711,005 

721,288 

724,648 

729,467 

730,064 

737,848 

772,530 

781,986 

790,379 


48 
48 
48 
C.R. 
48 


C.  R.  2 

48 
48 
48 
48 
C.R. 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 


C.R. 

C.R. 

C.R. 

C.R. 

C.R. 

C.R. 

123 

48 

C.R.2 

C.R.2 

48 

123 

123 

C.R.2 

123 

48 

C.R.2 

48 

C.R. 

48 

48 

C.R. 

48 

C.R. 

48 

C.R. 

48 

48 

48 

48 

C.R. 

48 

C.R. 

48 

128 


164.1 
154.1 
154.1 


154.1 


164.1 
164.1 
154.1 
155 


154.1 

148 

154.1 

154.1 

154.1 

155.2 

154.1 

154.1 

148 

156.1 


153 

156.1 

155.1 

154.1 

153 

156 

155.1 

152 

148 

153 


133 
55. 


155. 
41 
132 


155.1 

49" 

i55.'i 
48 

155.' i 

*i54.'i 

*i56.'i 
155 
155.1 
155.1 


155.1 


148 
183 


New  diass  8,  earburetors,  pro- 
portioning flow,  aspirating, 
single  fixed  fuel  and  an: 
inlets— Continued. 

804.589 

812,371 

816,109 

822,172 

846,903 

849,048 

854,246 

855,179 

867,604 

872,336 

891,064 

915,647 

917,283 

936,337 

939,481 

975,796 

1,006,033 

1,008,155 

1,013,759 

1,026,491 

1,081,900 

1,084,151 

1,103,451 

1,105,017 

1,109,025 

1,110,438 

1,118,459 

1,160,662 

1,166,967 

1,171,200 

1,178,972 

1,179,664 

New  class  8.1,  fuel  inlet  at  air 
throat: 

850,769 

657,739 

667,740 

693,778 

733,605 

765,814 

780,537 

858,586 

887,370 

890,273 

807,259 

906,980 

928,939 

954,905 

984,032 

1,014,988 

1,020,425 

1,033,505 

1,038,609 

1,052,897 

1,054,728 

1,063,666 

1,068,195 

1,081,258 

1,101,913 

1,102,026 

1,107,636 

1,117,641 

1,117,642 

1,130,981 

1,148,166 

1,153,364 

1,190,714 

New  class  3.2,  air  guides  or 
baffles: 

660,482. 

699,504. 

737,468 

791,501 

797,972. 


261 

C.R.2 

C.R.  3 

C.R. 

48 

123 

48 

48 

48 

C.R. 

C.R.2 

48 

123 

48 

48 

C.R. 

48 

48 

48 

48 

48 

48 

123 

123 

C.R. 

123 

48 

48 

48 

48 

123 

48 


C.R. 

123 

48 

48 

261 

C.R.2 

48 

123 

123 

48 

123 

123 

C.R. 

48 

C.R. 

128 

C.R.2 

123 

C.R. 

48 

C.R.2 

123 

C.R.2 

C.R. 

123 

123 

C.R.2 

C.R. 

C.R. 

48 

123 

123 

48 


C.R. 
48 
48 

C.R. 

48 


15 


155.1 

186 

155.1 

155.1 

155 


165.1 
25 

155.1 
156 


156.3 

144 

150.1 

155.1 

156 

150.1 

122 

123 

m" 

155.1 

155.1 

150.1 

150.1 

122 

144 


182 
156 
155.1 
13 


155.1 

131 

133 

155.1 

119 

133 

i48" 

iao*" 


7 
i55.'3 

•y 


123 

78 


156.1 
36 


319 


155.1 
15&1 


16&1 
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No. 


Prtmit  official— 


CnsH.      BubclflM. 


Patent  No. 


Pressnt  official— 


Class.     Bubdaai. 


New  daes  3.2.  air  guides  or 
baffles— Continued. 

817,641 

817,941 

826,7M 

844,900. 

882,083. 

886,283. 

908,112. 

981.389 

1,072,376 

1,109,192 

1,134,021 

1.141,670 

New  dass  3.3,  rotating  fuel 
spreader,  air  driven: 

868,707. 

1,002,953 

1,178,127 

New  class  3.4.  variable  jet  and 
throat  relation: 

656,197 

1.0S8,226 

1,149,908 

New  class  3.5,  variable  float 
chamber  pressure: 

688,101 

741,962. 

964.488 

960,601 

961,152 

992,260 

998,457 

1,002,646 

1,064,627 

1,064,628 

1,074,625 

1,108,727 

1,166,734 

New  class  4,  carburetors,  pro- 
portlonins  flow  aspirating, 
single  fuel,  multiple  air  in- 
lets, both  fixed: 

6M,723 

649,939 

667,496 

605,815 

664,200. 

699,309 

728,986. 

754,001 

72,979. 

776,103 

84V70 

871,134. 

878,770. 

991,029 

994,668 

996,976. 

1,003,361 

IflMJOBS 

1,019,209 

1/131,147 

1,042,079 

1,072,876 

1,116,986 

1,134,866 

1,169,167 

1,160,483 

1,174,629 

New  class  4.1,  mixed  flow: 

681,382. 

684,662. 

686,092. 

719,486. 


48 

123 

48 

128 

361 

48 

48 

C.R. 

C.R. 

48 

C.R. 

48 

49 


123 

261 
48 
48 


.R. 

48 
48 
48 
.R. 
48 
48 
48 
48 
48 
48 
48 
48 


C.R. 

C.R. 

C.R. 

C.R. 

C.R. 
48 
48 
123 
48 
123 
48 
48 
48 
C.R.2 
123 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

48 
123 
48 
C.R. 
48 


16&1 
132 
155.1 
133 
68 

166.1 
168 


155.1 


155.1 
148 


141 
61 

15&1 
156.1 


155.2 
155.1 
154.1 


155.2 
155.1 
155.1 

*i55.'2 

155.1 
15&1 
155.1 
155.1 
155.1 
155.1 
16a  1 


166.1 
15a  2 
101 
156.1 
98 

155.2 
150.2 
166.1 


122 

166.2 

160.1 

155.1 

155.1 

155 

165 

148 

166.1 

165.1 

16a  3 

155 

166.1 

15&1 

132 

16ai 

'i66.'i 


New  dasB  4.1,  mixed  flow— 
Continued. 

801,630 

898^. 

1,065,912 

1421,630 

1,130,490 

1,149,036 

1,183,293 

New  class  6.1,  main  ftiel  inlet, 
with  supplementary  high* 
speed  Jet: 

1.079,634 

New  class  6.2,  main  ftiel  inlet, 
with  Bappumentary  Idling 

»6/)74. 

1,1«,294 

New  class  6.8,  fuel  standpipes: 

1,003,848 

1,148,378 

New  class  6,  carbnretofs,  pro- 
portloDing  flow,  aspirating, 
multiple  rael  and  multiple 
air  inlets,  both  fixed: 

811,618 

861,378 

1,013,983 

1,097,166 

1,102,722 

1,125,368 

New  class  6.1,  double  carbu- 
retor, progreflBlve  by  throt- 
tle: 

898,494. 

898,486. 

907,767 

1,002,609 

1,011,694 

1,089,602 

1,096,482 

1,122,571 

New  class  6.2,  multiple  carbu- 
retor, progresBlve  Dy  throt- 
tle: 

759,634. 

832,184. 

879,380. 

910,018 

048,612. 

1,018,282 

1/121,547 

1,144,206 

1,158,589 

1,162,041 

982,428 

Newclass  6.8,doublecarburet- 
or,  progressive  by  vacuum: 

872;i88."."i.'r.!;"!i.'!!;;!; 

1,176,627 

1,176,661 

New  class 6.4^mult^e carbu- 
retor, progressive  oy  vacu- 
um: 

664,134. 

871,320. 

1,049,705 

1,072,783 

1,113/Bl 

1,146,150 

1,180,976 

1,185,016 

New  class  6.6,  mixed  flow: 
907,968. 


128 
123 
48 
48 
48 


48 
C.R.2 
48 
48 
48 
48 


48 
48 
48 
48 
48 
C.R. 
48 
48 


48 
123 
48 
48 


133 

132 

16a  S 

166.1 

16a  S 

166.1 

16ai 


16a  s 


16a  3 
16a  3 


16a  s 
16a  8 


160.1 


148 

155.1 

150.1 

uas 


160.3 
150.3 
150.3 
150.3 
150.3 

*i56.'i 
150.3 


160.8 
150.3 
150.3 
150.3 
150.3 
150.3 
150.3 
150.3 
150.3 
150.3 
150.3 


150.8 
98 

150.3 
160.8 


16a  8 
15a  3 
150.3 
1508 
15a  8 
155.1 
150.8 
1508 
16a  8 

150.1 
16a  8 
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No. 


riPMent  oflictiit— 


CnsH.      SubctaflB. 


No. 


FMseotaffldtf- 


C1B68. 


New  olMi  6.5,  mixed  flow~ 
Continiied. 

1,002,700 

1/)18,708 

1,061,041 ., 

1,063,148 

1,089,372 

1,000,047 

L096,62B 

Re.  14^ 

1,099,277 , 

1,109,974 

1,112,374 , 

1,116,023 

1,143,986 , 

1,144,206 

1,153,436 , 

1,170,348 

1,170,416 

1,170,417 

1,176,&36 

1,176.267 

1,177,624 

1,183,019 

1,183,864 

1,183,673 

New  class  6.6,  fuel  standphw: 

027,211 ...v.. 

New  class  7,  carbnretors,  oro- 
portioniDg  flow,  aspiratmff, 
single  fixed  inlet  and  single 
air  inlet  with  regulat&g 
TElTe: 

864,111 

865,539 , 

876,800 

911,692 

935,833 

836,118 

967,407 

1,037,833 

1,062,688 , 

1,101,736 

New  class  7.1,  fuel  inlet  be- 
tween throttle-oGotroUed 
air  valTe  and  throttle: 

771,492. 

789,749 

794,927 

810,435 

823,485 

853,428 

856,638 

861,438 

863,739 

867,850 

803,685 

806,5b0 

932,465 

973,602 

976,813 

977,831 

1,006,387 

1,043,077 

1,044,764 

1,064,084 

1,062,333 

1,077,881 

1,077,910 

1,095.101 

1,105,008 

1,118,917 

1,124,724 

1,135,729 

1,130,851 

M45,990 

l»160,aQ2 


48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
C.  R. 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

48 


48 
48 
48 
C.R. 
48 
48 

123 
48 
48 
48 
48 
48 

123 
48 
48 
48 
48 
48 
48 
48 
48 
48 

123 
48 
48 
48 
48 
48 
48 
48 
48 
48 


150.3 
155.1 
150.3 
15a  8 
150.3 
150.3 
150.3 
156.1 
15ai 
150.3 
15a  8 
150.8 
155.1 
15a  8 

'isai 
15a  8 
15a  3 
15a  3 
i5a8 
15a  2 
15a  3 
15a  3 

168 

15a  8 
uas 


155.1 

155.2 

155.1 

155.2 

155.1 

155.1 

155.1 

155 

155.2 

15&1 


150.1 
155.1 
155.1 

*i6a2 
155.1 
131 
155 
155w2 
155wl 
15a2 
155wl 
132 
15a  3 
15a  2 
155.1 
155.1 

16a  3 

155 
155.1 
15a  1 

15a  1 

25 

15a  1 

155.1 

144 

155.1 

15a  1 

155.1 

155 

isai 
15a  1 


New  dan  7.1,  ftiel  Inlet  be- 
tween throttle-controlled 
air  valve  and  throttla— Con- 
tinued. 

1,150,224 

1,161,169 

1,151,286 

1,163,581 

New  class  7.2,  ftiel  inlet  at  or 
before  air  valve,  whioh  acts 
as  a  throttle: 

627,372 

804,025 

815,712 

816,846 

832,183 

868,251 

1,014,188 , 

1,037,834 

1,038,804 

1,045,613 

1,067,449 

1,080,118 

l/)88,974 

1,108,181 

1,116,681 

1J17,233 

1,131,312 

1,143,227 

1,144,549 

1,161,437 

1,165,224 

1,171,074 

1,172,388 

New  class  7.3,  fuel  inlet  be- 
tween automatic  air  valve 
and  throttle: 

622,891 

657,738 

666,623 

673,901 , 

688,340 

750,396 

774,079 

785,622 

792,628 

794,502 

796,723 

806,434 

820,583 

822,681 

829,345 

831,547 

«9,675 

886,760 

896,550 

911,106 

921,410 

929,327 

947^ 

962,140 

966,381 

983,307 

986,700 

993,097 

996,897 

1,018,128 

1,027,768 

1,038,699 

1,039,229 

1,041,099 

1,080466 

i;085S» 

1,106,258 

1,124,918 

1,116,678 

1,129,864 

1,182,680 


261 

48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
123 
48 
48 
48 
48 


C.  R. 

123 
48 

123 

123 
48 
48 
48 
48 
48 
48 

123 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
C.R. 
48 
48 
48 
48 
48 
48 

123 
48 
48 
48 
48 

C.  R. 
48 
48 
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PiteEitNo. 


rrMmtoffldal— 


Clam,      BubdMi. 


FttentNo. 


Prasnt  offidBJ— 


Clan.     Bubdaai. 


New  class  7^,  foal  Inlet  be- 
tween automatic  air  valve 
and  tbrotUe— ConUnoed. 

1,133,845 

1,141,798 

1,180337 

1,178,888 

1,190,540 

New  class  7.4,  fuel  inlet  swept 
by  air  entering  through  air 
valve: 


783,903,. 

791,447.. 
799,232.. 
800,847.. 
855,574.. 
859,710.. 
875,718.. 
878,411.. 
904,859.. 
910,379.. 
918,108.. 
924,200.. 
925,973.. 


943,197... 
950,278... 
960,897... 
963,187... 
978,344... 
973,8n... 
995,910... 
997,160... 
1,000,398. 
1,006,300., 
1,020,081.. 
1,023,470.. 
1,033,508.. 
1,042,982. 
1,062,061.. 
1,084,028.. 
1,068,181. 
1,093,901.. 
1,096,384. 
1,110,041. 
1,124,949. 
1,131,584.. 
1,140,000. 
1,148,247.. 
1,157,541.. 
1,180,152.. 
1,180,389.. 
1,180,930.. 


1,184^ 

New  daaB  7JS,  variable  float 
chamber  Pleasure: 

877,890 

903.096. 

1,103,802 

1,167,457 

New  class  8,  carburetors,  pro- 
portioning flow,  aspiiaans, 
ahisle  fixed  fUel  inlet,  mul- 
tiple air  inlets,  valved  for 

"MR=. 

828,228 

9ii',34o".'!I!I!!!'.!!!iiiii 

920,642. 

029,280. 

944,048. 

970,916. 


965,67a. 
997,232.. 
996^355.. 


128 
48 
48 
48 
48 


48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 
48 
123 
48 
48 

C.R. 
48 
48 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 
48 
48 
48 


128 
48 

123 
48 
48 
48 
48 
48 
48 
48 

123 

123 


72806'— S.  Doc.  569. 64-2 


123 

188 

150.3 

154.1 

154 


154.1 

155.2 

155.2 

148 

155.2 

155.2 

155.1 

156.2 

155.2 

154.1 

155.2 

155.2 

155.2 

155.2 

155.2 

155.1 

155.2 

155.1 

155.1 

155.1 

155.1 

155.2 

'i55.'2 
154.1 
155.2 
155.1 
155.1 

7 
155.2 
155.1 

'iii'.i 

155.2 
150.1 
155.2 
155.1 
155.2 

'i48" 
155.1 
150.2 
155.2 
155.1 
155 
155.1 


150.1 
154.1 
155.1 
148 


137 
155.1 
124 
155.1 
155.2 
155.2 
155.2 
155.2 
155.1 
156.2 
124 
98 

-11 


New  class  8,  carburetors,  pro- 
portioning flow,  aspirating, 
single  fixed  fuel  inlet,  mul- 
tiple air  inlets,  valved  for 
regulating— Continued. 

1,000^ 

1.001.980 

1,006,300 

1,019,138 

1,030,069 -. 

1,039,886 

1,083,888 

1,078,473 

1,063,486 

1,080,106 

1,096,819 

1,009,086 

1,104,458 

1,104,782 

1,106,887 

1,119,767 

1,122,708 

1,123,027 

1,123,965 

1,127,992 

1,128,717 

1,129,103 

1,134,942 

1,135,048 

1,137,307 

1,150,782 

1,151,989 

1,173,878 

1,173,895 

New  class  8.1,  two  air  inlets, 
fixed  primary,  throttleb  oon- 
trolled  eeoondary,  regulat- 
ing air  valve: 

ra0,849 

733,625 , 

767,718 

775,553 

794,851 , 

826,631 

832,532 

840,204 

842,062 

861,286 

888,527 

880,558 

908,764 

924,873 

964,530 

969,086 

985,708 

1,011,665 

1,060,063 

1,064,514 

1,081,208 

1,097,401 

1,119,181 

1,123,027 

1,148,333 

1,148,896 

1,149,507 

1,154,630 

1,184,888 

1,184,889 

1,185,273 

Class  8.3,  two  air  inlets,  fixed 
primary,  automatic  second- 
ary regulating  air  valve: 

864,84l;.".'.';!!;!;!!!!!*.*.!; 

713,146 

734,421 

741,810 

750,001 

785;»8- 


48 
48 
C.R. 
48 
48 

123 
C.R. 
48 
48 
48 

123 
48 
48 
48 

123 
48 
48 
48 
48 
48 

123 
48 
48 
48 
48 
48 
48 
48 
48 


48 
48 
48 
48 
48 
C.R.2 
C.R. 
48 
48 
48 
48 
48 
48 
48 
48 
C.R. 

123 
48 

128 

123 
48 
48 
48 
48 
48 
48 

133 
48 
48 
48 
48 


48 
48 
48 

123 
48 

123 
48 
48 


155.3 
155.3 

'i55.'2 

156.3 

96 

165.3 
155.1 
150.3 

73 
148 
188 
150.1 
119 
155.2 
148 
155.1 
155.1 
155.3 

53 

155.1 
150.8 
156.1 
155.1 
156  1 
150.3 
155.1 
155.1 


155.1 

148 

155.1 

155.1 

155.1 


155.2 
156.1 
155.1 
155.1 
156.1 
155.1 
155.1 
155.1 

'ioo** 

155.1 
84 
100 
155.1 
156.1 
155.1 
155.1 
156.1 
155.1 
108 
150.1 
155.1 
156.1 
155.2 


156.1 

156.3 

156.3 

133 

140 

123 

155.1 

155.3 
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PttentNo. 


Praaant  officiil^ 


Pirtwit  No. 


Pwmt  flfBciiU^ 


Clan.     SabdMi. 


Oms  8.2,  two  BifbMtM,  fixed 
primary,  automatic  Moond- 
ary  regiuatizig  air  Talve— 
ContiniMd. 

792,878. 

796,712. 

802,216 

810,792. 

823,742. 


860,339 

856,968..... 

867,276 

800,848..... 

864,687 

882,170 

886,526 

888,487 

888,966 

806,361 

899,109 

900,006..... 

900,731 

907,279 

912,063 

913,354 

926,596..... 
927,529..... 
928,042..... 
832,360..... 
032,860..... 

942,977 

943,242..... 

946,167 

968,507 

974,076..... 
976,568..... 
976,692..... 
977377..... 
970,906..... 

961,156 

984,276..... 
997,233..... 
997.929..... 
1,003,904... 
l/)06,663... 
1,013,062... 
1,016,261... 
1,017,750... 
1,018,776... 
1,035,037... 
1/68,262... 
1/)41,480... 
1,043,842... 
1,043,602... 
1,044,569... 
1,044,576... 
1^)44,504... 
1,046,344... 
1,063,146... 
1^)59,868... 
1,061,626... 
1,062,273... 
1,064,445... 
1,065,640... 
1,066,948... 
1M7M2... 
Re.  13,784.. 
1,067,906... 
1,069,899... 
1,069,671... 
1,071,858... 
1,073,695... 
1,076,827... 
1,078,169... 
1,078,786... 
1,079;B8... 


48 
C.R. 

48 

48 

C.R. 

123 

48 
48 
48 
48 
48 
48 
48 
123 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
C.R.  2 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 


123 
48 
48 
48 
48 
48 
48 
48 
C.R. 


180.2 

*i55.*2 
155.2 

'i24*' 
155.2 
155.2 
155.2 
155.2 
156.2 
155.2 
155.2 
108 
155.1 
155.2 
155.2 
155.1 
155.2 
155.1 
155.2 
155.1 
155.2 
155.1 
156.2 
156.2 
155.2 
155l2 
155.2 
156.2 
155.2 
155.1 
156.2 
155 
155.2 
155.1 
155.2 
150.2 
155.2 
155.2 
155.2 
150.2 
155.2 
155.2 
155l2 
155.1 


156.2 

155.2 

155.2 

156.2 

148 

155.2 

155.2 

155.2 

155.2 

155.2 

155.2 

155.2 

148 

155.2 

155.2 

148 

148 

155.2 


122 

15a  1 

155.2 

155.2 

155.2 

155.2 

155.2 

155.2 


CiMs  8.2,  two  air  Inlata,  fixed 
primary,automatie  second- 
ary regulating  air  valve- 
Continued. 

1/180,645 

1/)66,2B7 

1,089,428 

1,000,556 

l/)02,282 

1,093,637 

1^)96,212 

1/195,825 

1/)00,714 

1,104,975 

1406,142 

1,106,115 

1,106,145 

1,106,881 

1,107,608 

1409,356 

1,112,267 

1415,543 

1,118,919 

1,120,308 

•1,180,915 

1431371 

1,133,452 

1,135315 

1,136368 

l,187/»7 

1,137435 

1,139364 

1440,064 

1,141,086 

1,142,708 

1,143,002 

1,143,961 

1,145,138 

1448,461 

1460,619 

1,155382 

1,156449 

1458,485 

1,160389 

1,162376 

1,166395 

1,167320 

1,171,145 

1,172,288 

1,172,432 

1,176,729 

1,180379 

1,184,696 

New  class  8.8,  two  air  inlets, 
both  with  regulating  valves, 
one  automatic,  the  other 
throttle-oontrolied: 

136O345 

New  class  8.4,  two  air  inlets, 
both  with  automatic  regu- 
lating valves: 

667,910.... 

782,707 

790,173 

808,830 

890,494 

960,080 

989.897 

1436,676 

1441358 

1,159,983 

1,183,187 

New  class  8.5,  two  air  inlets, 
both  with  throttle-con- 
trolled regulating  valves: 

714397 

776.406 


48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

123 

128 
48 

123 
48 
48 

128 

48 

48 

48 

C.R.  2 

C.R. 

48 

48 

C.R. 

128 
48 
48 

128 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

1S8 
48 
48 
48 
48 
48 


156.2 

156.8 

156.2 

155. 2 

155.2 

156.2 

156.8 

156.2 

155.2 

155.2 

108 

186 

155.2 

123 

156.2 

156.2 

119 

155.2 

155.1 

156.2 


148 
155.1 

150 
150.1 
73 
148 
155.2 
15a  1 
15a  2 
15a  1 
155.2 
156.2 
148 
156 
156.2 
150L2 
15a  1 
155.1 
156.2 
156.3 
123 
150L1 
155.2 
15&2 
156.2 
150i2 


U4.1 


15&3 

148 
16&2 

166.3 
16&2 
155.2 
155.2 
148 

15a  1 

155 
148 
15&S 


uai 

15&1 
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PatMitllo. 


PrMOit  offlefal— 


ClMS.      Babdais. 


FftUntNo. 


FraB«iit  official— 


ClMi.     Subclass. 


New  class  8.5,  two  air  Inlctt, 
both  with  throttto-coa- 
trdUcd  recukHking  ^Tia— 
CoDtinaed. 

«6,4n 

860,038 

871,730 

906,012 

«M,057 

970,322. 

985,431 

988,800 

993/10 

l/)14;i28 

1,072,605 

New  class  8.0,  mixed  flow: 

428,214 

505,652 


C.R. 


952^320 

1,001^ 

l/Mjm 

Mew  class  0,  carboietors,  pro- 
portioning flow,  amiraung, 
multiple  fixed  tfaii  inlets, 
single  air  inlet  with  regu- 
lating yalye: 

1,177,588 

Mew  class  9.1,  fuel  inlets  act 
prooessiYely  with  opening 
of  smgle  antomatio  air4nlet 
regulating  yalye: 

l/)O0,iao. 


48 

154.1 

48 

155 

48 

148 

48 

155wl 

48 

155.1 

48 

165.1 

201 

88 

128 

100 

48 

155.1 

48 

154.1 

128 

132 

48 

155.1 

48 

154.1 

48 

16a3 

48 

156.1 

48 


1/)11,9Q0. 
1,074,674. 

1419,076. 


1430,474 

1430,960 

1473,240 

14»,498 , 

Mew  dass  9.2,  fuel  Inlets  act 
proeresslTely  with  openfaig 
of  smf  le  throttle  oonlrolled 
air-iniet  regulating  valve,  or 
air  valve  acting  as  throttle: 

858,437 , 

881,279 , 

881,800 

989/15 

1,010,061 

1/)73,179 

1,069,524 

1,094,074 

1,142,708 

1,150,851 

1,162,308 

1,183,221 

1,183,222 

Mew  dass  9.3,  fuel  standplpes: 

1,130,700 

1447,337 

Mew  class  9.4,  two  fuel  inlets, 
one  main  and  one  idling: 


i,of0,id8V.V.V.'. "!!".!!;!!! 

1 147,940 
Mew 'dass  olsj' tilting  fuel 
chamber,  radially  disposed 
fuel  inlets: 

9fl9J07 

1,065;977 

1AJ74,577 

1400,079 

1401,809 

14M,»7 


150.1 


48 

15a8 

48 

150.3 

48 

160.3 

48 

150.8 

48 

154 

48 

15a  3 

48 

150.3 

48 

150.3 

48 

15a8 

48 

15a3 

48 

15a3 

48 

155.1 

48 

15a  3 

48 

15a  3 

48 

150.3 

48 

15a  3 

48 

15a  3 

48 

15a  3 

48 

155.1 

48 

i5a3 

48 

150.3 

48 

15a  1 

48 

15a  3 

48 

15a  8 

48 

150.3 

155.1 
15a  3 
150.3 


48 

150.3 

48 

15a  3 

48 

15a  3 

48 

150.3 

48 

15a  3 

48 

15a  3 

New  ebss  10,  oarboretorB,  pro- 
portioning flow,  aspiraiung, 
multiple  fixed  fuel  hilets 
with  air  inlets,  valved  for 
rsgnlation: 

•79.7TO 

IfiUjUl 

1^)99,547 

14«,M« 

1,100,112 

New  dass  10.1,  main  toBl  in- 
let,  with    supplementary 

*^te^.^.^ 

968,470 

978,558 

993770 

1/02,708 

1/)41,481 

l/)40,434 

1,078,349 

1,069,080 

1,090,208 

1/)90,209 

1,099,298 

1,107,849 

1419,078 

1,120,703 

1,128,778 

1,184,531 

1,134,582 

1,159,423 

1,103,228 

1,177,818 

1,178,473 

1.180,518 

New  class  10.2,  mafai  fuel  inlet, 
with  suppltfnsntary  idling 

1,066,852 

1,104,500 

1,158,487 

1,100,308 

1,181,128 

New  dass  10.3,  multiple  car^ 
bnietor,  progressive^  by 
throttle,  with  ^dividual  au- 
tomatio  inlet,  reguiatiiig 
valves: 

871,741 

881,410 

891,219 

900.004 

1,001,950 

1,088,091 

1413,551 

1,152,031 

1,172,701 

1,179,278 

1,180,483 

1,183,081 

New  class  10.4,  multiple  car- 
buretor, progressive,  by 
vacuum,  with  individual 
automatic  air  inlet  regula- 
ting valves: 

1,040,414 

1,108,246 

New  class  10.5,  fud  standpipe: 

901.481.... :.!;.. 

1,010,110 

1,138,527 

New  class  10.0,  mixed  flow':  ' 

978,756..... 

l,OiO,019 


15a8 
15a  8 
15a  8 

15a  1 

150 

15a  8 


150.8 

15a  s 
15a  8 
15a  8 
15a  8 
i5a8 
15a  8 
15a  8 
15a  8 
15a  8 

155.1 
150.3 

15a  2 

156.2 
155.1 
150.8 
156.2 
156.2 
156.2 
15a8 
156.2 
154.1 
150.3 


156.2 

i5as 
150.  a 
15a  a 
i5aa 


i5a» 
i5aa 
i50.a 
i5a3 

150.S 

160.  a 

150.3 
150.8 
150.8 
150.1 
150.3 
15a8 


i5aa 
uaa 

15a  3 
15a  3 

148 
155.2 

i5aa 
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BabclasB. 


FMentNo. 


Prmmt  offiofal  ' 


ClaaB. 


SubcbMB. 


New  class  10.6,  mixed  flow- 
Continued. 

1,108,908 

M23,4(» 

1,168,613 

1,180,616 

New  dasB  11.1,  ^le  fuel  inlet 
TBlve,  throttle  oontroUed: 

683,M8 

727,972. 

746,449 

771,986 

873,892 

917,264 

984,109 

1,065,042 

1,097,080 

1,120,188 

1,124,607 

1,126,600 

1  153  999 
New  (Oaas  ll,2Vabigtofud  bileV, 
independently  contzoUed  by 
air  flow  or  vacuum: 

725,741 

746,119 

946,632. 

973.282 

1,065,508 

1,085,194 

1,002,079 

1,111,763 

1,138,829 

^^    1,155,407 

New  class  11.3,  mixed  flow: 

^,    771,096....'. 

New  class  12,  carburetors, 
proportioDlng  flow,  asnliat- 
mg,  sinffle  fuel  and  adr  in- 
lets, both  with  regulating 
Talves: 

648,922 

839,707 

876,210 

973.855 

1,007,669 

1,032,547 

1,046,251 

l,0fiCw6 

1,123,876 

1,165,467 

„    1,169,674 

New  class,  12.1.  waived  ftiel 
inlet  beyond  air-inlet  yalve, 
acting  as  throttle,  fuel  valTB 
oontroUed  by  air  valve: 


123 
48 
48 
48 
48 
48 
48 
48 
C.R. 
48 
48 
48 
48 


624,604.. 
664,894.. 
67£g84.. 
677,283.., 
606,060.. 
711,90a.., 
727^566.. 
745,068.. 
751,913.. 
775,614.. 
779,490.. 
791,810.. 
79&373.. 
8^144.. 
807^479.. 
816  477.. 
818,863.. 
836,764.. 
879,884.., 
889,082.. 
804,226.. 


48 


0.R.2 

C.R. 

48 

48 

aR. 

48 
48 
48 
48 
C.R. 
48 


123 
C.R.2 

48 

48 
C.R. 
123 
123 
138 

48 
961 

48 
123 

48 
123 

48 
C.R. 

48 
261 

48 

C.R.2 

129 

48 


15a8 

isas 

168.8 
15a8 


123 

155.1 

155.1 

156.1 

166.1 

168 

154.1 

155.1 


15a  3 
15a8 
154.1 
165.1 


166 

148 

164.1 

15a3 

155.1 

154.1 

154.1 

15&1 

uai 
uai 

16M 


164.1 
I55wl 


164.1 
155 
156.1 
144 


154.1 


132 


166 
16a  8 


131 
132 
102 
15&1 
44 
168 
123 
15&1 
129 
155 


164.1 
41 
155 


108 
160 


New  olasB  12.1^valved  fuel 
inlet  beyond  air-inlet  valve, 
acting  as  throttle,  fuel  valve 
controlled  by  air  valve— 
Continued. 

900,49a 

911,143 

920,979 

926,039 

986,064 

958,128. 

968,216. 

976,911 

977,818 

980,668 

986,999 

988,638 

999,686. .................. I 

1,000,618 

1AM8,019 

1,013,956 

1,014,946 

1,028,723 

1,084,693 

1,086,694 

1,099,995 

1,107,713 

1,107,698 

1,121,661 

1,145,824 

1,157,363 

1,171,235 

1,172,596 

1,183,125 

1,184,541 

1190124 

New'claSss  12.2,*^lved*fud 
inlet  between  air-inlet  valve 
and  throttle,  both  fuel  and 
air  valves  oo&trolled  by  the 
throttle: 

780,949 

795,357 

806,979 

813,688 

821,081 

827,094 

848,425 

865,522 

883,740 

907,881 

910,326 

922,145 

937,536 

956,882 

058,897 

973,937 

983,247 

983,541 

993.210 

1,000,451 

1,006,491 

1,007,729 

1,011,696 

1,012,781 

1,018,164 

1,021,198 

1,027,489 

1,033,886 

1,042,628 

1,042,606 

1,062,397 

1,065,067 

1,072,492 

1,076,288 

1,080,816 

1,085,008 

1,106,200 


48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
123 

C.R. 
48 
48 

C.R. 
48 

C.R. 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 


48 
48 
123 
48 
48 
48 
48 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 
48 
48 
48 
48 
128 
48 
48 
48 


154.1 
155.1 

isas 

155.1 

154.1 

155.1 

155 

154.1 

150.2 

166.1 

165.1 

155.1 

154.1 

155.1 

131 

"iis" 

155.1 

'i56.i 

'l66.'i 
155.1 
15a  1 

i5a8 

155.1 
155.1 
154.1 
155.1 
155.1 
156 


156.1 

155.1 

1S2 

165.1 

155.1 

166 

154.1 

155.1 

155.1 

155.1 

156.1 

'i55.*i 
155.2 
155.1 
155 
155.1 
155.1 
154.1 
155.1 
155.1 
155.1 
15a8 
156.1 

'i56.'i 
155.1 
166 
156 
156 
156.1 
156.1 
165.1 
123 
16a8 
156.1 
166.1 
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FatentNo. 


FTMsnt  offloUl— 


Cla88.      BubdaM. 


Patent  No. 


PresoDt  official 


ClasL     Subdasi. 


New  class  12.2,  valyed  fael 
inlet  betweenair-inlet  ralTe 
and  throttle,  both  fuel  and 
air  waives  controlled  by  the 
throttle— Continued. 

1,120,845 

M26,0» 

1,129,129 

1,135,544 

1,143,511 

1,183,891 

1,156,094 

1,175,516 

1,178,296 

1,183,587 

1,185,574 

New  class  12.3,  vahred  fuel  in- 
let at  or  in  front  of  air  valve, 
acting  as  throttle,  fUel  valve 
controlled  by  air  valve: 

626,120 

626,121 

635,218 

648,001 

746,833 

866,582. 

862,574 

873,392. 

887,422 

904,865 

«0,742 

«77,044 

1,038,921 

1,053,136 

1,140,232 

1,151,578 

1,152,173 

1,184,923 

1,190,573 

New  class  12.4,  valved  fuel  hi- 
let  between  automatic  air^ 
inlet  valve  and  throttle,  fuel 
valve  controlled  by  throttle: 

747,264 

756,074 

Re.  12,611 

792,670. 

823,608 

835,773 

920,231 

947,633. 

•61.500 

1,010,714 

1,018,164 

1,019,160 

1,042,982 

Re.  13,837 

1,044,245 


1,066,606. 
1,103,178. 


1,112,641 

1,126,127 

1,132,314 

1,155,457 

1,176,816 

1,181,356 

1,190,125 

New  class  12.6,  valve  fuel  inlet 
between  automatic  air>inlet 
valve  and  throttle,  fiiel  valve 
controlled  by  automatic  air 
valve: 

687,840 

786,483 

770,569. 

807,479. 

S18,853. 


48 

156.1 

48 

15a  8 

48 

156.1 

48 

156.1 

48 

155.1 

48 

155.1 

128 

128 

48 

148 

48 

155.1 

48 

150.8 

48 

165.1 

123 

106 

C.R.2 

C.R.2 

C.R.2 

% 

48 

154.1 

C.R. 

123 

100 

C.R. 

123 

129 

C.R. 

48 

155.1 

48 

160.3 

48 

155.1 

48 

155.1 

48 

156.1 

48 

155.1 

48 

16a3 

48 

150.3 

48 

uas 

C.R. 

48 

15a  8 

48 

160 

48 

155.1 

C.R.2 

48 

155.1 

123 

35 

48 

155.2 

48 

155.2 

48 

155.2 

48 

155.2 

48 

156.2 

48 

156.2 

48 

155.2 

48 

156.1 

48 

16a  1 

48 

154.1 

48 

156.1 

48 

155.1 

48 

160.8 

48 

148 

48 

154.1 

48 

156 

961 

00 

123 

128 

48 

156 

48 

1511 

48 

15a3 

48 

154.1 

48 

166.1 

New  class  12.5,  valve  fuel  inlet 
between  automatic  air-inlet 
valve  and  throttIe,ftiel  valve 
controlled  by  automatic  air 
▼alve— Continued. 

839,707 

876,287 

892,155. 

895,709. 

901,345. 

906,6n , 

926,848. , 

941,406 

941,424 

954,785 

971,038 

978,947 

982,297 

984,874 

988  502. 

994,195 

996,623 

996,981 

997,417 

998,993 

1,001,847 

1,003,101 

1,006,411 

1,010,008 

1,014,319 

1,016,169 

1,020,270 

1,032,307 

1,033,130 

1,040,528 

IfiUfin 

1,046,111 

1,049,417 

1,049,887 

1,050,069 

1,059,501 

1.064,867 

1,078,418 

1,078,692 

1,084,693 

1,088,231 

1,097,787 

1,108,864 

1,104,494 

1,115,961...^ 

1,116,678 

1,119,821 

1,120,128 

1,123,048 

1,125,526 

1,126,249 

1,130,350 

1,133,754 

1,136,211 

1,138,204 

1,130,914 

1,140,528 

1,141,085 

1,143,779 

1,145,172 

1,145,871 

1,147,644 

1,149,291 

1,159,005 

1,159,029 

1,159,049 

1,161,374 

1,162,680 

1,166,173 

1,167,426 

1,168,782 


48 
48 
48 
48 
46 
961 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
46 
48 
48 
C.R. 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 


1511 
165.2 
154.1 
150.8 
15a8 
57 

154.1 
154.1 
15a3 
180.3 
1511 
154.1 
160.3 
1511 
154.1 
154.1 
154.1 
154.1 
154.1 
154.1 
1511 
1513 
154.1 
1511 
154.1 
154.1 
154.1 
154.1 
154.1 
154.1 
1511 
154.1 
154.1 
1511 
164.1 
154.1 
154.1 
1511 
154.1 
154.1 
1511 
154.1 
155.1 
154.1 
154.1 
154 
154.2 
155.1 
155.1 
154.1 
154 
154.1 
154.1 
154.1 
16a  8 
156.1 
16a  3 
154.1 
1511 

'154.1 
16a  2 
154.1 
154.1 
160.2 
150.3 
154.1 
1511 
164.1 
154.1 
150.3 
148 
154.2 
154.1 
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Patent  No. 


New  dags  1X5,  valve  fiiel  fair 
let  between  sutomatio  sir- 
Inlet  valve  and  throttle,  foel 
valve  controlled  by  auto- 
matloaJr  valve— Continued. 

1,168,783 

1,171,579 

1,171,716 

1,172,397 

1,176,600 

1,178,832 

1,179,568 

1,179,913 

1,182,714 

1,183,183 

1,190,715 

New  class  12.6,  valved  fUel 
inlet  between  air -inlet 
valve  and  throttle,  fUel 
valve  oontroUed  independ- 
ently by  .vacaum  or  air  flow: 


918,607 

1,048,954 

1,087,218 , 

1,091,426 

1,126,150 

1,133,904 

1,137,727 

1,148,247 

New  class  12.7,  variable  float 
chamber  pressure: 

1,010,066 

1,010,184 

1,025,816 

1,029,897 

New  class  13,  carburetors,  pro- 
portioning flow,  aspirating, 
single  fuel  and  multiple  air 
inlets,  both  with  regulating 
valves: 

813,653 

817,903 

849,538 

876,579 

880,487 

1,061,440 

1,078,582 

1,087,218 

1,118,805 

1,132,934 

1,154,630 

1,158,324.. 

1,178,064 

1,191,156 

New  class  13.1,  valved  inel  in- 
let, fixed  prnnary  air,  fixed 
or  valvedf  seoondary  air  in- 
let, throttle  control  of  fuel 
inlet  valve  and  of  seoondary 
air  valve: 

886,265 , 

892,499 

960,423 

055,292 

976,258 

1,(»9,796, 


Pipeeent  oflictat— 


ClaaB.      Subclan. 


123 

48 
48 
48 
48 
48 
48 
48 

C.R. 

C.R. 


48 
48 
C.R. 
123 
48 
48 
48 

aR. 

48 

48 


1,036,301. 
1,065,462. 
1,068,664. 
1,116,192. 
1,126,339. 
1,125,340. 
1,140,721. 
1,148,486. 
1,156,084. 
1,163,740. 
1,191,522. 
1,102,213. 


48 
48 
48 
48 
48 
48 
48 
48 
48 
C.R. 
48 
48 
48 
48 
48 
48 
48 
48 


164.1 

154.1 

154.1 

148 

160.1 

15a  3 

154.1 

154.1 

148 

150.3 

155.1 


124 

155.2 

154.1 

154.1 

154.1 

155.1 

154.1 

15a8 


15a8 
154.1 
154.1 
164.1 


156.2 
156.1 


123 
15&1 
154.1 
15a3 


150.2 

154.1 

123 

154.1 

154.1 

156 


155.2 
160.3 
154.1 
155.1 

isa3 

155 
155 
155.1 
155.1 

"is&i 

155 

155.1 

150.3 

15a  3 

156 

156 

15&1 


Patent  No. 


New  elass  13.2,  valved  fuel 
inlet,  valved  primary  and 
■econdary  air  inlets,  throt- 
tle control  of  both  air  in- 
lets and  fuel  inlet  valve: 

880.908 

1,134,366 

1,162,111 

1,179,663 

New  class  13.3,  valved  fiiel 
inlet,  fixed  primary  and 
throttle-controlled  second- 
ary air  inlets,  fuel  valve  con- 
trolled by  the  vacuum  or  air 
flow  independently: 

1,079,947 

1,081,222 

1,125,238 

1,131,157 

New  class  13.4,  valved  fuel 
inlet,  fixed  primary  and 
automatic  valved  secondary 
air  inlets,  ftxel  valve  oon- 
.troUed  by  the  throttle: 

744,257 

870,052. 

071,689 

971,862. 

1,M2,004 

1,062,917 

1,067,606 

1,096,569 

1,106,226 

1,106,802 

1,113,533 

1,122,572 

1,126,218 

1,140,071 

1,140,722 

1,152,134 

1,171,401 

1,173,762 

New  class  13.5,  valved  ftxel 
inlet,  fixed  primary  and 
automatic  valved  aecon- 
darv  air  inlets,  Itiel  valve 
controlled  by  the  automatic 
seoondary  air  valve: 

844,894 

855,170 

876,287 


886,545.... 
020,731.... 
962,649.... 
976,237.... 
979,555..., 
961,853.... 
004,191.... 
1,010,186. 
1,014,682., 
1,022,702.. 
1,030,343.. 
1,038,060.. 
1,042,017.. 
1,046,111., 
1,067,628.. 
1,060,380., 
1,060,817. 
1,071,008.. 
1,077,266. 
1,078,413. 
1,078,500., 
1,078,591., 
1,080,606., 
1,005,402. 
1,106,226. 
1,111,224. 
1,114,222. 
1,118,126. 
1,120,573. 


Pkeaent  ofllcia^ 


Ctaas.     SubctoHi 


48 

48 

48 

C.R. 


48 
48 
48 
48 
48 
48 
48 
48 
48 
123 
48 
48 
48 
48 
48 
48 
48 
48 


48 
48 

C.R. 
48 

C.  R. 
48 

C.  R. 
48 
48 
48 
48 
48 
48 
48 
48 

C.  R. 

C.R. 
48 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 

C.R. 
48 
48 
48 
48 


US.2 
148 
156.1 
156.1 


154.1 
154.1 
156.1 


155.2 

155.2 

155.2 

154.1 

155.2 

155.2 

155.1 

155.2 

155.2 

132 

155.2 

155.2 

156.2 

155.1 

156.1 

150.1 

155.3 

156.1 


166.2 
156.2 

'i64.'i 

'isi'i 

154.1 
154.1 
154.1 
154.1 
15a3 
154.1 
156.2 


154.1 
164.1 
15a8 
154.1 
154.1 


154.1 
154.1 
154.1 
154.1 


150.1 
164.1 

148 
154 
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No. 


PiTMent  offiolBl 


CtoM. 


No. 


Pramit  offiois^— 


ClaaB.     Sabdaai. 


^«;^(iaa(^  13.5,  TslTwl  fbfll 
^,  ia-ia«d  priiMuy  and 
•otobA^.  ^L^  Talved  sooon- 
«5al«-  Inleu,  ftid  valve 
ooQbt>ij^»^^^  by  the  automatio 
■fWHlaar-^^^  air  valva— Con- 

l,l»,: 

1,178, 

1,183, 
1.1M, 

^^^  rS^      ^3.6,  valved  fuel 
tojj*!,^'^^*-    ^ed  primary  and 

9«cw»r^^^-  ^  Ixrth  auto* 
fflattejfu^^^  J  valve  controlled 
SSt;^2^  ^*^  automatic 

1^.3! — 

1/J».r 
1,0M.'_ 

S7^?^^^'*  with  regulating 
Utta^^'S^ 


48 

154.1 

48 

148 

48 

154.1 

48 

154.1 

48 

148 

48 

154.1 

48 

154.1 

48 

148 

48 

154.1 

48 

150.2 

48 

150.2 

48 

154.1 

48 

154.1 

48 

154.1 

48 

155.2 

48 

155.1 

48 

154.1 

48 

154.1 

48 

155.2 

C.R. 

123 

123 

48 

155.1 

New  dan  14.1,  two  fuel  inleti, 
one  fixed  main  and  one 
vahredsnpidementary  higli- 
ipeed  Jet,  two  air  inlets,  one 
fixed  primary  and  one 
valved  secondary: 

1,888,040 

MM.M1 

1,172,031 

1,17»,28« 

1,179,381 

New  class  14.2,  multiple  car- 
buretors, progressive  by 
throttle  or  vacuum: 

IjmfiiiA 

1,120,184 

1,120,185 

1,157,116 

New  class  16.1,  thermostatic 
controls: 

1/)17,572 

1,001,621 

1,106,016 

1,110,131 

1,133,872 

1,135,270 

1,137,219 

1,142,824 

1,143,230 

1,145,476 

1,149,743 

1,165,087 

1,189,786 

New  class  16.2,  barometric 
controls: 

1,049,088 

1,008,783 


48 

160.S 

48 

160.8 

48 

uas 

46 

166.2 

48 

160.S 

48 

160.8 

48 

150.8 

48 

15a  8 

48 

i6ai 

48 

140 

48 

140 

123 

127 

48 

160 

48 

154.1 

48 

148 

48 

148 

123 

124 

48 

149 

48 

155.1 

48 

155.1 

123 

124 

48 

166.1 

48 

144 
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REPORT  NO.  11. 

PART  IV. 


STRUCTURAL  CHARACTERISTICS  AND  FUNCTIONAL 
OPERATION  OF  EACH  OF  THE  NEW  CLASSES  AND  SUB- 
CLASSES  OF  PROPORTIONING-FLOW  CARBURETORS. 

By  Charles  £.  Lucke. 


GENERAL. 


Carburetors,  as  devices  or  appliances  for  making  a  suitable  explosive 
mixture  of  air  with  a  volatile  liquid  fuel,  were  not  created  with  any 
definite  class  idea  of  the  mixture  requirements  of  the  engine  or  of 
the  mixture-making  characteristics  of  the  various  physical  principles 
of  functional  operation  and  the  mechanical  limitations  on  the  execu- 
tion of  each.  At  the  time  when  oil  refining  began  to  produce  the 
light  petroleum  distillates,  now  so  generically  classed  as  gasoline,  in 
any  quantity  internal-combustion  engines  were  in  operation,  using 
manufactured  illuminating  gas  and  natural  gas  as  fuel.  Something 
was  known  of  these  engines  through  the  familiarity  of  use^  and  the 
means  of  making  explosive  mixtures  of  such  gases  and  air  as  the 
working  fluid  for  their  operation  were  understood.  Most  of  these 
(engines  were  small;  all  were  stationary  and  operated  at  constant 
speed ;  and  practically  all,  if  not  quite  so,  were  governed  by  hit-and- 
miss  appliances,  according  to  whicn  the  quantity  of  fuel  and  air  per 
suction  stroke  is  constant  when  any  is  taken  at  all,  and  no  graduation 
of  the  charge  per  stroke  with  load.  Under  such  circumstances  the 
mixer  and  proportioner  could  be  of  the  simplest  conceivable  sort — 
no  more  than  two  holes,  one  through  which  the  sbs  could  flow  and 
the  other  for  the  air,  with  a  manual  adjustment  for  the  size  or  area 
of  one  or  both  to  secure  the  desired  working  proportions.  Usually 
the  gas  supply  came  to  the  engine  imder  pressure — ^whatever  pressure 
existed  in  the  mains  of  the  city  or  in  the  natural-gas  distributing 
pipes — 60  it  is  natural  that  a  periodic  operating  valve  should  be 
added  to  the  gas  connection  so  ^s  would  not  flow  out  except  during 
en^e  suction,  the  gas  valve  being  opened  during  the  suction  stroke, 
either  automatically  by  the  suction  or  mechanically  from  the  valve 
gear  by  a  direct  connection  to  the  main  inlet  valve  motion.  Adjust- 
ment of  proportionality  of  gas  to  air  and  its  maintenance  under  such 
conditions  of  use  is  no  more  difficult  than  for  steady,  continuous  flow, 
and  two  openings,  the  relative  area  of  which  is  manually  adjustable, 
will  quite  accurately  fix  the  proportions,  whether  a  periodic  fuel  stop 
valve  be  added  or  not.  The  proportions  will  be  maintained  so  long 
as  the  gas  pressure  does  not  cnange,  a  condition  met  by  the  addition 
of  a  gas-pressure  governor  to  the  system. 
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This  Edtuation  is  most  significant,  because  it  explains  not  only  the 
origin  of  one  large  class  of  early  engine  carburetors,  but  also  the 
trend  of  development  from  this  ^oup  of  carburetors  must  neces- 
sarily have  been  strongly  influenced  by  the  nature  of  the  start.  This 
influence  of  the  early  carburetor,  designed  to  replace  the  gas  mixer 
and  proportioner  of  earfy  hit-and-miss  gas  engine  to  make  it  a  cor- 
respondmg  gasoline  engme,  has  been  doubly  strong  on  the  rest  of 
the  art  because  such  engines  are  still  in  use  and  others  have  ap- 
peared for  which  the  same  sort  of  carburetor  or  ^^ gasoline  mixer" 
is  eaually  adapted.  Such,  for  example,  is  the  case  with  the  small 
single  cylinder  two-cycle  boat  engine,  where  a  constant  charge  per 
stroke  is  taken  and  the  speed  is  normally  constant  and  simplicity 
and  cheapness  in  all  parts  are  more  important  than  high  efSciency 
or  light  weight  per  horsepower. 

Assuming  a  ^ade  of  gasoline  such  that  the  amount  that  air 
could  support  m  combustion  would  immediately  vaporize  when 
mixed  with  it,  a  grade  easily  obtained  in  the  early  oil  refining  days, 
then  feeding  and  proportioning  such  a  fuel  to  its  air  involves  no  dif- 
ferent problem  than  had  already  been  solved  for  gaseous  fuel. 
Therefore,  there  appeared  quite  early  this  class  of  carburetors, 
now  often  called  "  mixers,"  which  involved  at  first  a  supply  of  gaso- 
line under  pressure  maintained  by  an  elevated  tank,  a  fuel  valve 
Seriodically  opening  with  the  engme  suction  valve  to  stop  the  fuel 
ow  between  suctions,  a  manually  adjusted  restricting  valve  in  the 
gasoline  line,  always  open  for  securing  the  desired  proportions,  and 
arranged  so  that  the  gasoline  could  run  into  the  air  in  any  way  at 
all  when  it  did  flow.  The  variations  in  structural  form  that  this 
simple  arrangement  can  take  are  somewhat  surprising  as  revealed 
by  the  cases  under  class  1  and  its  subclasses,  from  which  practically 
all  later  schemes  and  modem  practice  in  gasoline  proportioning  flow 
carburetors  may  be  said  to  have  been  developed. 

Of  course,  a  pressure  supply  of  such  a  volatile  fuel  involves  ele- 
ments of  risk,  both  of  explosion  and  fire,  as  well  as  trouble  in  oper- 
ation when  valve  leakage  between  strokes  becomes  appreciable, 
which  need  only  to  be  recognized  to  inaugurate  modifications. 
These  changes  are  found  to  follow  two  lines;  first,  the  use  of  a  pump 
directly,  and  second,  the  indirect  use  of  a  pump  to  a  small  auxiliary 
fuel  chamber  from  which  the  fuel  is  taken  by  the  aspirating  action 
of  the  vacuum  that  results  from  the  flow  of  air  through  rS^ricted 
inlet  passages.  The  suction  stroke  of  the  engine  induces  a  flow  of 
air  through  the  air  passages  to  the  cylinder  and  may  be  made  to 
actuate  an  air  motor  drivmg  a  fuel  pump  to  constitute  a  propor- 
tioning flow  carburetor,  as  described  in  the  cases  of  class  2.  Propor- 
tionality is  to  be  secured  with  this  kind  of  apparatus  by  the  relation 
between  the  fuel  volume  displacement  of  the  pump  and  the  air  vol- 
ume passing  through  and  actuating  the  air  motor.  The  pump  may 
draw  fuel  directly  from  a  main  tank  at  a  lower  level  than  the  engiue, 
or  from  a  small  auxiliary  tank  or  chamber  kept  supplied  by  a  second 
feed  pumpj  or  the  pressure  supply  may  be  retained.^  From  such  a 
small  auxiliary  tank  or  chamber,  maiatained  automatically  at  a  con- 
stant level  by  float  valves,  diaphrasm  valves,  or  overflow  pipes,  and 
supplied  from  a  low  level  main  tank  by  a  feed  pump  or  from  a  pres- 
sure supply,  the  fuel  may  be  caused  to  flow  into  the  air  by  the 
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yacuum  developed  in  the  latter  by  its  flow,  the  fuel  inlet  to  the  air 
being  above  the  fuel  level  in  the  constant  level  chamber. 

Tms  is  a  reasonably  logical  step  and  may  be  carried  out  with  the 
same  manually  adjusted,  but  otherwise  fixed  and  constantly  open,  air 
and  fuel  inlets  used  previously  with  pressure-fuel  supplies,  modeled 
on  the  gas  mixer  for  hit-and-miss  gas  engines,  but  omitting  the 

griodic  fuel  valve  as  not  needed  because  of  the  aspiration  principle, 
this  way  the  aspirating  proportioning-flow  carburetors  with  sin- 
gle fixed  inlets  were  started,  and  their  various  forms  are  illustrated 
by  the  cases  of  class  3  and  its  subclasses*  These  are  still  in  use  and 
improvements  in  them  are  still  appearing.  For  engines  that  take  a 
substantially  constant  charge  per  stroke  or  that  are  attended  by  op- 
erators capable  of  modifymg  the  adjustment  when  the  charge  per 
stroke  must  be  materially  changed,  they  are  good  enough,  otherwise 
they  are  not  satisfactory.  They  are  now  divisible  into  two  groups 
with  reference  to  the  constant-level  chamber  and  its  fuel  supply, 
which  division  does  not  affect  their  proportionality  characteristics  at 
all,  the  stationary-engine  group  almost  universally,  but  not  quite, 
uses  an  overflow  cup,  supplied  by  a  constant  displacement  engine- 
driven  pump  from  an  underground  tank,  while  the  transportation 
engine,  when  it  uses  this  sort  of  carburetor  at  all,  is  provided  with  a 
pressure  supply  of  fuel  to  a  float  chamber;  this  is  the  case  with 
marine  engines,  but  some  tractors,  especially  those  with  the  hit-and- 
miss  control,  still  use  the  pump  and  overflow  cup. 

If  the  gasoline  engine  requiring  a  graduation  of  supply  per  suction 
stroke  and  taking  a  charge  for  every  such  stroke,  graduated  in  quan- 
tity to  both  its  load  at  constant  speed  and  to  its  speed  at  any  load, 
had  not  been  developed,  there  would  never  have  t^n  any  real  car- 
buretor problem.  The  wide  variations  in  number  and  size  of  cylin- 
der, with  their  corresponding  changes  in  suction  pulsations  added 
to  the  variations  of  flow  rate  due  to  both  load  and  speed,  make  the 
problem  a  real  and  difficult  one.  Without  the  present-day  necessity 
of  constant  mixtures,  not  only  for  stationary  engines  requiring  close 
speed  regulation  at  all  loads,  to  be  secured  only  by  throttle  governors 
imposing  widely  varying  flow  rates  on  their  carburetors,  but  also  for 
transportation  engines  of  the  marine,  railroad,  automobile,  tractor, 
and  aero  classes,  requiring  wide  variations  in  both  sp^d  and  tonjue, 
with  correspondingly  wide  variations  in  carburetor-flow  rates  with- 
out changing  the  mixture  proportions,  the  carburetor  would  un- 
doubtedly have  remained  a  chamber  with  two  fixed  or  adjustably 
fixed  holes,  one  for  fuel  and  one  for  air.  Such  a  thing  as  a  car- 
buretor is  quite  useless  for  variable  flow  service  even  with  a  fuel  of 
constant  physical  properties  used  at  a  constant  altitude  or  barometric 
pressure  and  under  constant  air  and  fuel  temperatures.  Eliminating 
these  last  factors,  there  still  remains  a  problem  of  very  considerable 
magnitude  and  great  difficulty,  the  design  of  variable  flow-propor- 
tioning carburetors,  and  no  better  illustration  of  this  difficulty  can 
be  found  than  the  complexity  and  large  number  of  the  patents  on  the 
subject,  on  the  one  hand,  coupled  with  the  still  present  operator's 
difficulties  with  the  commercial  products  of  the  present  day,  on  the 
other. 

All  the  cases  from  class  4  to  class  14,  inclusive,  are  concerned  with 
various  means  of  establishing  and  maintaining  the  proportionality 
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in  variable-flow  carburetors  without  any  eflfort  at  automatic  control 
or  correction  for  densities  or  fuel  viscosities,  to  which  subject  but 
little  attention  has  as  yet  been  paid,  as  is  indicated  by  the  few  cases 
of  class  15.  The  effort  to  solve  the  problem  of  the  proportioning- 
flow  carburetor  used  with  varying-flow  rates  is  more  or  less  logically 
analyzed  by  the  new  class  ^upings  with  their  various  subclasses, 
all  of  them  starting  with  tne  now  well-known  assumption  of  fact, 
that  no  single  fixed  fuel  inlet  and  single  fixed  air  inlet  will  sufBce, 
the  ratio  of  fuel  to  air  increasing  regularly  or  irregularly  with  in- 
crease in  flow  rate  in  such  a  structure. 

To  correct  this  tendency  toward  an  increasing  percentage  of  fuel 
in  the  mixture  with  increasing  flow  rates,  structural  modification  of 
the  two  simple  fixed  inlets  is  necessary,  and  these  modifications  are 
divisible  into  two  groups.  It  is  clear  that  once  the  mixture  has  be- 
come overrich  after  an  increase  in  flow  rate,  the  original  proportion 
can  be  restored,  first,  by  reducing  the  vacuum  at  the  fuel  outlet 
through  an  increase  of  the  air  inlet  by  a  graduating  valve  or  a 
movement  to  a  point  of  less  velocity,  or  by  r^ucing  the  pressure  on 
the  fuel  surface  in  the  constant  level  cup,  or  in  ^neral  the  net  fuel- 
flow  head,  and,  second,  by  reducing  the  area  of  the  fuel  inlet  by  a 
graduating  valve.  These  two  ways  of  compensation  are  typical  of 
the  two  broad  group,  divisions — ^first,  compensation  by  control  of 
fuel-flow  head;  second,  compensation  by  control  of  fuel-flow  area. 
Of  course,  both  may  be  utilized  at  the  same  time,  and  in  any  one 
carburetor  many  of  the  several  different  means  of  accomplishing  both 
are  found  operating  simultaneously.  It  i^ould  be  noted  that  the 
primary  or  oasic  way  of  controlling  fuel-flow  head  is  by  the  air 
vacuum  at  the  fuel  inlet  without  operating  on  the  surface  pressure 
of  the  fuel  in  its  constant  level  chamber,  and  this  control  of  vacuum 
at  the  fuel  inlet,  to  the  carburetor  is  a  matter  of  air-inlet  valve  area, 
number  and  location  of  inlets,  though  subject  to  some  control  by 
variations  in  internal  position  of  fuel  inlet  or  direction  of  the  air 
flowing  past  it.  The  fundamental  basis  of  all  proportionality  con- 
trol in  carburetors  is,  therefore,  one  of  structural  arrangement  of 
fuel  and  air  inlets,  in  number,  location,  and  relative  area  adjustment, 
corresponding  ^to  change  of  flow  rates.  This  idea  is  incorporated  in 
the  new  classification  where  the  several  classes  are  distinguished 
one  from  another  by  the  number  of  fuel  or  air  inlets  and  tjy  the 
presence  or  absence  m  them  of  a  regulating  valve  to  adjust  the  flow 
area  of  either  to  the  flow  rates.  Subclasses  include  either  important 
^oups  of  special  cases  of  the  general  class  or  cases  of  some  addi- 
tional means  of  fuel-pressure  control  above  that  afforded  by  the  air- 
inlet  arrangements  of  the  general  class.  For  example,  classes  8  to 
10,  inclusive,  all  have  fixed,  nonvarying  fuel-inlet  areas  in  any  num- 
ber associated  in  classes  8  and  6,  inclusive,  with  any  number  of  fixed 
air  inlets,  and  in  classes  7  to  10,  inclusive,  with  variable  air  inlets  in 
any  number,  the  air-inlet  graduating  valve  being  actuated  in  different 
ways  in  the  several  subclasses.  Similarly,  classes  11  to  14,  inclusive, 
are  all  cases  of  variable  fuel-inlet  areas,  where  fuel  graduating 
valves  are  used  and  actuated  in  the  several  subclasses  in  each  of  the 
typical  ways.  These  several  classes  of  variable  fuel  inlets  are  asso- 
ciated in  class  11  with  fixed  air  inlets  in  any  number,  and  in  classes 
12  to  14,  inclusive,  with  variable  air  inlets,  having  graduating  valves. 
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Tntlun  any  one  class  characterized  by  a  specified  number  of  air 
and  fuel  inlets,  fixed  or  variable,  the  subclasses  will  indicate  addi- 
tional or  special  means  of  fuel-pressure  variation  with  flow  as,  for 
example,  float-chamber  pressure  control,  which  may  be  used  with  any 
combmation  or  kind  of  inlets;  likewise,  mixed  flow  or  the  admission 
of  a  small  amount  of  air  to  the  fuel  passage  to  break  the  vacuum  to 
the  necessary  extent,  the  air  and  fuel  flowing  together  mixed.  Again, 
in  each  of  the  several  classes  of  multiple  &ed  fuel  inlets  there  may 
be  a  subclass  for  the  special  form  of  the  fuel  standpipe  in  which 
successive  holes  or  outlets  are  brought  into  action  as  the  vacuum  in- 
creases somewhat  equivalent  to  a  varying  fuel-inlet  area,  though 
only  as  head  increases  and  as  a  result  of  it.  Finally,  in  the  several 
classes  of  multiple  fuel  there  may  appear  subclasses  representing 
two  or  more  complete  carburetors,  each  of  another  simpler  class  afl 
the  same,  and  brought  into  action  successively  to  limit  the  flow  varia* 
tion  in  any  one  set  of  passages  and  thereby  limit  the  necessity  for 
the  other  sorts  of  compensation  that  are  necessary  with  wider  varia^ 
tions  of  flow  in  one;  10  such  carburetor  units  in  one  multiple  car- 
buretor would  limit  the  flow  variations  in  each  member  to  one-tenth 
as  much  as  in  a  single  similar  one  for  a  given  total  range  of  flow 
rates.  . 

With  this  introduction  on  the  general  problem  and  plan  of  investi- 
gation of  the  efforts  of  inventors  to  solve  it.  as  disclosed  in  the  pat- 
ent art,  the  several  new  classes  and  subclasses  will  be  exammed 
separately. 

Class  Ij  carburetors^  proportiordTig  -flaw^  -fixed  air  and  fuel  inlets^ 
periodic  fuel  valve. — ^This  is  the  early  developed  class  of  carburetors 
designed  to  convert  a  ffas  engine  into  a  gasolme  engine  by  an  almost 
identical  device,  smaller  in  proportion  to  the  relative  volumes  of 
gasoline  to  gas  for  the  same  amount  of  air,  and  primarily  intended 
for  hit-and-miss  stationary  engines  requiring  no  graduation  of  flow, 
and  for  pressure  supplies  of  fuel,  that  require  a  shut-off  valve  to 
stop  the  flow  between  suction  strokes.  When  this  stop  valve  is 
open,  the  flow  effect  is  that  of  a  fixed  fuel  passage.  This  fuel  valve, 
with  or  without  a  corresponding  air  valve,  may  be  actuated  in  any 
one  of  several  ways  to  oe  noted,  primarily  adapted  to  reasonably 
low-speed  engines,  and  normally  to  a  single  cylinder,  or  to  one  such 
carburetor  per  cylinder. 

One  early  case  of  a  fuel  valve  actuated  by  an  air-flow  impact  disk, 
movement  of  which  does  not  affect  the  area  of  the  air-flow  passage, 
is  shown  on  page  175  (581,980,  May  4,  1897,  Alderson),  which  illus- 
trates the  idea  of  alternative  use  in  a  similar  way,  of  gas  and  gaso- 
line, because  a  gas  inlet  is  also  provided  with  its  own  valve  to  be 
opened  by  the  vacuum  directly  because  it  is  large  enough.  This 
case  also  illustrates  a  different  means  of  flxing  and  adjusting  the 
fuel  inlet  area  by  limiting  the  lift  of  the  fuel  valve,  the  shoulckr  of 
which  strikes  the  end  of  an  adjustable  sleeve.  In  this  case  the  fuel 
is  discharged  into  a  freely  open  portion  of  the  air  inlet  where  the 
vacuum  is  negli^ble  and  the  gooseneck  fuel-supply  pipe  rising  above 
the  fuel  valve  mdicates  the  intention  to  use  a  pressure  supply  of 
fuel  under  at  least  this  much  head.  An  air-flow  disk  located  at  the 
throat  of  a  double-tapered  air  passage  with  another  such  disk  on 
the  same  stem  at  the  large  diameter  point  imme(tiately  above  it. 
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to  produce  the  double  effect  of  a  prompt  lift  of  the  fuel  valye  formed 
at  the  end  of  the  stem,  and  to  spatter  the  fuel  so  it  may  mix  with 
the  air  in  the  irregular  passage,  is  the  construction  illustrated  on 
page  176  (584,666,  June  15, 1897,  BoUee).  Not  only  is  this  case  in- 
teresting because  of  the  construction  but  also  because  the  patent  is 
for  a  ^^  motor  Tehicle,"  and  is  one  of  the  early  constructions  of  this, 
at  the  time,  very  new  art.  While  the  fuel  valve  is  located  in  front 
of  the  air-inlet  valve  and  is,  therefore,  subjected  to  none  of  the 
vacuum  due  to  air-entrance  resistance,  it  is  nevertheless,  by  reason 
of  the  air-passage  taper,  subjected  to  the  vacuum  of  the  air  velocity 
head,  and  the  case  is  one  of  the  very  early  examples  of  the  use  of 
velocitv-head  vacuum  to  influence  fuel  flow. 

As  showing  the  use  of  a  pressure  supply  of  fuel,  the  case  on  page 
177  (611,341,  Sept  27, 1898,  Starr  &  Cogswell)  is  interesting,  because 
the  elevated  chamber  is  shown  feeding  the  tubular  fuel  valve,  the 
seat  of  which  is  lifted  off  by  the  entrance  air  valve  beyond.  As  the 
fuel  flows  down  it  meets  the  air  rising,  but  evidently  complete 
vaporization  was  not  regarded  as  assur^,  because  a  drainpipe  is 
provided  joining  the  cup  overflow. 

Location  of  a  fuel  valve  on  the  supply  side  of  an  automatic  air 
check  valve  is  also  illustrated  on  page  177  (688,367,  Dec.  10,  1901, 
Tregurtha),  which  also  shows  a  broad  enlargement  below  the  fuel 
inlet,  over  which  the  measured  amount  of  ruel  is  intended  to  be 
evaporated  by  the  air,  a  thing  that  could  not  be  done  at  all  with 
present-day  gasoline.  A  contrary  fuel  flow  arrangement  with  the 
same  location  of  fuel  valve  on  tne  supply  side  of  the  air  check  is 
shown  on  pMe  177.  Here  the  fuel  flows  down  with  the  air  toward  the 
cylinder.  (703,937,  Julv  1, 1902,  Lizotte.)  Use  of  a  piston  type  of 
air  vfJve  to  actuate  the  fuel  valve  is  shown  on  page  178  (705,021,  July 
22,  1902,  Bennett  &  Morewood)  to  avoid  the  mfficulty  of  simulta- 
neously making  tight  an  air  check  and  a  rigidly  attached  fuel  valve. 
A  similar  purpose  is  served  by  the  spring  of  703,937,  July  1,  1902, 
Lizotte.  Actuation  of  the  fuel  valve  by  the  vacuum  directly  is 
shown  on  pages  177  and  178  (705,314,  July  22,  1902,  Blake),  the 
diapraghm  C  rising  with  the  vacuum  and  opening  the  fuel  valve. 
This  case  also  illustrates  the  use  of  primary  and  secondary  air 
throug:h  two  separate  air  inlets. 

An  illustration  of  a  form  especially  adapted  to  the  hit-and-miss 
engine  is  given  on  pages  178  and  179  (722,672,  Mar.  17, 1903,  Burger), 
where  a  governor  controlled  pawl  carried  on  a  sleeve  about  the  air 
valve  stem  opens  or  does  not  open  the  fuel  valve. 

Direct  attachment  of  the  fuel  valve  to  the  main  en^ne  inlet  is 
shown  on  page  179.  (724,828,  Mar.  31, 1903,  Pivert.)  Another  case 
of  air  impact  disk  actuating  the  fuel  valve  is  shown  on  page  179 
(747.235,  Dec.  15, 1903,  Saris)  in  connection  with  two  other  interest- 
ing leatures,  one,  the  constant  level  float  chamber,  the  level  in  which 
is  above  the  fuel  valve,  making  the  valve  necessary,  and  the  other, 
the  hollow  stem  of  the  fuel  valve,  which  accumulates  fuel  between 
suction  strokes,  discharging  the  accumulation  with  whatever  comes 
past  the  regular  needle  valve.  This  is  a  sort  of  forerunner  of  the 
now  common  accelerating  cup  of  modem  carburetors  that  accumu- 
lates fuel  during  periods  of  low  engine  demand,  discharging  it 
Quickly  on  a  sudden  increase  in  demand  due  to  the  opening  of  the 
tiu*ottle  at  a  time  when  the  mixture  would  otherwise  tend  to  become 
lean  by  reason  of  the  greater  inertia  of  the  fuel  over  the  air. 
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The  use  of  a  fan  type  of  air  motor  as  an  air  impact  device  to  lift 
the  fuel  valve  is  illustrated  on  page  179  (760,673,  May  24, 1904,  White 
&  Duryea),  the  fan  or  motor  also  serving  as  a  mixer.  Adjustment 
of  proportions  in  those  cases  so  far  illustrated  has  been  provided  by 
a  needle  valve  before  the  fuel  inlet  valve  or  by  limiting  the  lift  of 
the  inlet  valve,  but  the  same  result  may  be  obtained  by  adjusting  the 
air  as  shown  on  page  181.  (761J392,  May  81,  1904,  Olds.)  Here 
the  use  of  pressure  supply  of  fuel  is  clearly  indicated  by  the  tank 
level,  and  the  air  inlet  is  provided  with  an  area  adjusting  dide  to 
control  the  amoimt  of  air  tnat  shall  enter  each  stroke  with  the' fixed 
amount  of  fuel.  The  same  idea  of  control  by  the  air,  but  by  an 
interesting  form  of  air  damper,  the  iris,  is  shown  on  page  181. 
(793,498,  June  27, 1905,  Ash.) 

Direct  vacuum  actuation  of  the  fuel  valve,  independent  of  the  air 
flow  except  as  it  may  be  the  cause  of  the  vacuum,  is  shown  on  page 
181  (820,408,  May  15,  1906,  Garllus),  where  the  vacuum  acting  on 
one  side  of  the  disk  and  atmosphere  on  the  other,  lifts  it  and  the  fuel 
valve.  A  pivoted  or  swing  type  of  air-flow  disk  to  actuate  the  fuel 
valve  is  shown  on  page  181  (850,223,  Apr.  16, 1907,  Hallett),  a  form 
that  should  be  very  sensitive  to  air  movements  and  sure  to  open  fully 
each  time.  A  form  in  which  the  check  valve  that  actuates  the  fuel 
valve  does  so  by  an  indirect  connection  is  shown  on  page  182  (999.033, 
July  25,  1911,  Hubbard),  where  a  lever  permits  relative  lifts  aoout 
in  proportion  to  the  two  valve  diameters,  which  is  not  possible  with 
direct  axial  connection,  except  by  making  the  period  of  opening  of 
the  air  valve  greater  than  that  of  the  fuel  valve.  A  ball  used  as  the 
fuel  valve  and  lifted  by  the  vacuum  directly  is  shown  on  page  182 
(1,004,091.  Sept.  26, 1911,  Shain),  and  a  similar  use  of  direct  vacuum 
on  a  flat-iaced  valve  is  shown  on  page  182  (1,120,397,  Dec.  8,  1914, 
Martin).  An  interesting  case  of  indirect  fuel  introduction  is  shown 
on  page  182  (1,044,314,  Nov.  12,  1912,  Watson),  where  the  fuel  is 
discharged  into  a  side  pocket  with  an  air  passage  by  passing  the 
spring-loaded  inlet  valve.  This  passage  would  tend  to  hft  the  fuel 
promptly  above  that  valve,  better  than  if  it  were  delivered  to  a  low- 
velocity  main  air  stream,  especially  if  the  check  valve  is  heavily 
loaded.  That  this  old  and  simple  class  of  device  is  still  a  subject  of 
invention  is  illustrated  by  the  case  on  page  183  (1,151,156,  Aug.  24, 
1915,  Bingaman),  where  a  simple  air-now  disk  causes  a  fuel  valve 
to  lift  in  front  of  the  air,  or  m  this  case,  the  mixture-inlet  valve, 
here  used  as  the  entrance  to  the  closed  crank  case  of  a  small  two-cycle 
engine. 

Subclass  IJ — Fuel  valve  operated  hy  engine  valve  aear. — Probably 
the  oldest  of  the  class  of  fuel  valves  directly  operated  from  the  valve 
gear,  independent  of  the  air  or  mixture  valves,  and  imder  the  con- 
trol of  a  hit-and-miss  governor,  is  that  on  page  184  (433,806,  Aug.  5, 
1890,  Otto),  which  case  is  of  peculiar  interest,  in  view  of  the  pioneer 
work  of  this  now  famous  inventor.  Otto,  a  contemporary  and  rival 
of  the  equally  famous  Korting.  One  other  case  will  serve  to  illustrate 
this  subclass  as  it  is  of  such  Umited  value  in  its  bearing  on  the  gen- 
eral t)roblem,  that  on  pages  184  and  185  ^574,183,  Dec.  29,  1896,  Un- 
derwood), where  by  the  one  cam-actuated  arm,  the  main  inlet  valve 
is  lifted,  and  at  the  time  a  gas,  and  a  gasoline  fuel  valve  as  welL 
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Subolcus  13 — Fuel  inlet  m  seat  of  automatic  air  inlet  valve. — ^The 
idea  of  this  arrangement  in  this  class  is  to  insure  an  adequate  air 
velocity  past  the  fuel  inlet  when  it  opens  to  cany  the  fuel  and  pre- 
vent it  dropping  back,  but  there  may  be  some  difficulty  in  making  a 
broad  seat  of  a  conical  air  check  valve  close  tightly  an  appropriately 
small  fuel  inlet,  and  even  as  much  so  with  flat  seats.  The  earliest 
case  of  this  subclass,  perhaps  also  the  earliest  of  the  whole  general 
class,  and  one  that  attained  commercial  success  is  that  on  page  189 
(417,924,  Dec  24, 1889,  Korting),  in  which  the  descent  of  the  piston 
opens  the  air  and  fuel  valves  together,  the  fuel  discharging  into  the 
seat  of  the  air  valve  for  vigorous  spraying.  This  inventor,  Korting, 
with  Otto,  may  be  said  to  have  inaugurated  the  commerciallv  suc- 
cessful business  of  building  gasoline  engines  in  their  two  rival  Ger- 
man establishments,  still  in  eidstence  and  still  successful.  Associa- 
tion with  a  fuel  inlet  located  in  the  seat  of  the  air  valve,  of  a  heated 
chamber,  to  permit  the  same  proportioning  structure  to  operate  on 
a  heavy  or  nonvolatile  fuel,  and  thus  to  convert  a  gasoline  into  an  oil 
enmne,  to  use  common  terms,  is  illustrated  on  page  189.  (523,511, 
Julv  24,  1894,  Campbell.)  Here  the  fuel  and  air  descend  together 
and  strike  a  hot  elbow  where  the  oil  separates  out,  becomes  heated, 
and  being  swept  by  the  air,  is  vaporizea.  This  case  may  be  said  to 
have  practically  inaugurated  the  construction  of  that  class  of  oil  en- 
gine in  which  the  mixture  is  made  externally  to,  and  not  in  the  cylin- 
aer,  by  first  proportioning  fuel  and  air,  and  then  heating  the  mixture 
on  its  way  to  the  cylinder.  Another  early  form  of  this  arrangement 
is  shown  on  page  189  (686,166,  Oct.  17, 1899,  Hay),  which  also  pro- 
vides exhaust  heat  for  the  fuel  and  mixture  entrance  chamber.  A 
complete  ring  of  fuel  inlet  holes  is  shown  in  the  form  on  page  190. 
(690,112,  Dec.  81, 1901,  KuU.)  Manual  adjustment  of  the  fuel  needle 
valve  simultaneously  with  the  lift  limit  of  the  air  check  valve,  is  pro- 
vided on  page  190  (722.357,  Mar.  10,  1903,  Davis),  which,  if  con- 
nected to  an  outlet  throttle,  would  become  a  pair  of  graduating  valves 
of  quite  different  characteristics.  A  flat  seat  air  check  valve  is  shown 
on  pa«es  190  and  191  (894,656,  Julv  28, 1908,  Johnston),  with  an  odd 
sort  of  mixer,  and  a  plug  form  oi  throttle.  Aji  annular  form  with 
the  fuel  valve  in  the  center  of  piston  type  of  air  check  is  illustrated 
on  page  191.  (922,  May  18,  1909,  Wright.)  The  fuel  is  admitted 
throu^  the  interior  of  a  hollow  air  check  with  a  hollow  stem  on 
page  191.  (948,977,  Feb.  8,  1910,  Kingsbury.)  A  case  of  flat  seat 
annular  air  check  valve  is  shown  on  page  192  (995,919,  June  20, 1911, 
Smith),  in  connection  with  a  fuel  float  chamber,  where  the  fuel  inlet 
is  a  tjpe  of  device  originally  designed  and  normally  used  for  pres- 
sure supplies  of  fuel. 

A  gravity  swing  check  with  a  fuel  inlet  in  its  stem  is  illusted  on 
pa^  192  (1,048.518,  Dec.  81,  1912,  Fritz),  intended  to  be  used  with 
aspirating  fuel  now  as  a  separate  idling  jet  to  be  attached  to  any  form 
of  carburetor  and  to  come  into  action  when  the  throttle  is  closed. 
This  is  an  excellent  illustration  of  the  way  in  which  old  forms  of  de- 
vices or  appliances  may  find  new  uses  or  be  revived  in  new  combi- 
nations. Three  separate  fuel  inlets  in  the  air  check-valve  seat,  one 
for  gasoline,  one  for  kerosene,  and  a  third  for  water,  are  illustrated 
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on  pages  192  and  198  (1,156,886,  Oct.  12, 1916,  Diener) ,  in  connection 
witn  an  exhaust  heated  vaporizer,  for  an  engine  to  be  started  on 
gasoline,  and  when  heated  operated  on  kerosene,  the  water  being 
added  to  control  preignitionflL 

Subclass  IJ-^Fiiel  inlet  located  beyond  automatic  air  irdet. — One 
early  case  (500,401,  June  27,  1898,  Lelunan),  shown  on  page  194, 
attaches  the  fuel  valye  to  a  sprinff-closed  pop|>et  air-inlet  valve  by  a 
yoke  with  a  flexible  element,  the  fuel  inlet  bein^  located  so  that  it  is 
acted  upon  by  the  vacuum  which  opens  the  air  valve,  so  the  fuel 
valve  must  be  affected  correspondingly.  This  is  in*  contrast  to  the 
last  subclass  where  <^e  air  velocity  over  its  valve  seat,  and  not  the 
vacuum  beyond  the  seat,  acts  on  the  fuel  inlet.    The  form  shown  on 


ly  mcucates  a  pressure  fuel  supply.  A  swmg 
check  that  strikes  a  separate  spring-closed  fuel  valve  is  shown  on 
pa^  194  (567,258,  Sept.  8,  1896,  Pratt),  and  another  swing  check 
sinking  a  gravity  and  pressure  closed  fuel  valve  on  page  195  (609,557, 
Aug.  28,  1898,  Phelps).  That  the  point  of  mixture  of  fuel  and  air 
may  be  controlled  independently  oi  the  valve  locations  is  illustrated 
on  pa^e  195  (616,974,  tian.  8, 1899,  Biotte),  where,  although  the  fuel 
valve  IS  formed  on  the  end  of  the  air- valve  stem,  the  fuel  meets  the 
air  at  a  distant  point,  emerging  in  four  streams  at  a  contraction  to 

Sromote  mixing.  An  independent  fuel  check  acted  on  by  the  vacuum 
eveloped  beyond  the  automatic  air  valve  is  shown  on  page  195 
(617,748,  Apr.  9,  1901,  White)  in  connection  with  a  constant-level 
chamber  having  an  outlet  below  the  level  but  sealed  by  a  ball.  An- 
other case  of  a  heater  associated  with  proportioning  fuel  and  air  inlets 
is  that  on  paces  195  and  196  (619,776,  Feb.  21, 1899,  Murray),  in  which 
the  air  valve  oy  a  long  extension  of  its  stem  opens  a  distant  oil  valve, 
oil  and  air  entering  a  neated  annular  pot  at  separate  points,  with  the 
idea  of  promoting  vaporization  of  the  oil  and  mixing  of  its  vapor 
with  the  air  after  the  proportions  have  been  establish^  by  the  same 
means  commonly  used  for  gasoline  and  air.  Another  independent 
fuel  check  valve  of  swinff  type  similarly  located  with  reference  to  the 
air  check  but  above  the  level  in  an  overflow  chamber,  so  the  fuel  is 
aspirated,  is  shown  on  page  196  (694,708,  Mar.  4,  1902,  White).  A 
lever  connection  between  the  automatic  air  valve  and  a  fuel  valve 
located  beyond  it  is  shown  on  pace  196  (1,066,080,  July  1, 1918,  Cole) 
with  a  hand-adjusted  needle  valve.  This  is  particularly  interesting 
because  of  its  general  similarity  to  another  later  class.  If  the  fuel 
valve  were  ffiven  a  longer  taper  and  the  air  valve  were  situated  in  a 
lon^  tapered  seat  the  flow  areas  of  the  two  could  easily  be  kept  in  any 
desired  ratio  and  proportionalitjr  be  established  with  but  little 
vacuum  chanffe.  Such  cases  are  rairly  numerous  in  the  later  classes 
where  the  fuel  is  provided  with  a  graduating  valve  controlled  by  an 
automatic  air  valve,  main  or  secondary. 

Subclass  1.L  double  air  irdet^  one  air  inlet  by-passes  fuel  inlet — 
This  class  is  tne  forerunner  of  the  very  large  dass  of  primary  and 
secondary  air  inlets  with  its  various  combinations  of  valves  and  in- 
terconnections.   Apparently  the  idea,  at  least  at  first,  was  that  of 


Digitized  by 


Google 


188  AEB0NAUTIC8. 

spraying  and  mixing  rather  than  that  of  a  comi>ensating  arrange- 
ment to  correct  for  tne  tendency  to  become  excessively  rich  in  fixed 
gingle  air  and  fuel  inlets,  by  admitting  a  secondary  or  diluting  air 
stream.  In  a  patent  granted  for  a  ^^  self-propelling  carriage,"  a  fuel 
valve  actuated  by  an  air  valve,  makes  what  may  be  termed  a  primary 
mixture,  to  which  additional  or  secondary  air  may  be  admitted  for 
a  manual  adjustment  of  proportions,  as  shown  on  page  197.  (610,460, 
Sept.  6,  1898,  Pretot.)  One  early  form,  that  on  page  197  (679,887, 
July  80. 1901,  Mathieu),  has  a  pair  of  air-impact  disks  by  wnich  the 
fuel  valve  is  actuated,  air  from  one  inlet  strikes  the  top  disk  and 
opens  the  fuel  valve,  the  fuel  being  spread  over  the  disk  and  sprayed 
down  from  its  edge  in  front  of  the  second  air  stream.  This  may  be 
compared  with  the  form  on  page  197  (715,398,  Dec.  9, 1902,  Longue- 
mare) ,  which  is  really  intended  to  act  in  the  compensating  way,  the 
secondary  air  being  admitted  beyond  the  impact  hood  equivalent  to 
a  disk,  so  that  the  fuel  valve  is  lifted  for  a  shorter  period  and  fuel 
admitted  less,  the  more  the  secondary  air.  Secondary  air  acts,  there- 
fore, to  limit  the  fuel  lift  somewhat,  but  not  quite  as  would  a  me- 
chanical stop,  and  its  effect  on  proportioning  is  similar  to  that  of  a 
fuel  needle  valve.  In  the  form,  page  198  (896,388,  Aug.  18,  1908, 
Johnston),  part  of  the  air  passes  directly  up  the  center  tube,  ex^i:- 
in^  a  velocity  action  at  the  fuel  outlet  and  impinging  on  tne  fuel 
vilve  lifting  disk^  while  the  rest  of  the  air  enters  around  the  edge 
of  the  automatic  mlet  valve,  and  has  no  influence  in  lifting  the  fuel 
valve  at  all^  but  a  mechanical  stop  to  limit  the  lift  is  also  used.  The 
fuel-air  ratio  is  directly  adjustable  manually  by  the  air  by-pass,  or  by 
Ithe  fuel  needle,  in  the  form  page  198.  (908,206,  Nov.  10, 1908,  Law- 
son.)  A  still  closer  approach  to  the  automatic  ccMnpensating  action 
of  automatic  secondary  air  is  shown  on  page  198  (939,856,  Nov.  9, 
1909,  Papanti) ,  where  the  secondary  air  enters  by  an  automatic  valve. 
This,  by  the  removal  of  the  fuel  valve  and  attachment  to  a  constant 
level  cup,  would  become  one  of  the  very  large  class  of  so-called  auto- 
matic compensating  cases  of  subclass  8.2.  Indicating  that  carburetors 
of  this  class  are  still  being  brought  forward  is  the  case  on  page  198 
(1,181,514,  May  2, 1916,  Elynon),  in  which  the  fuel  valve  purpose  is 
not  dear,  because  the  flow  is  purely  aspirating,  but  the  periorated 
box  surrounding  the  fuel  outlet  is  intenaed  to  assist  in  spraying  and 
mixing. 

Cl<i88  i?,  carburetors^  proporUoimig  How^  vMtermg  fuel  fwmp^  air- 
motor  driven. — For  many  years  before  the  advent  of  the  gasoline 
engine  and  the  need  in  connection  ynih  it  of  suitably  small,  cheap, 
and  accurately  proportioning  carburetors  that  would  not  leave  heavy- 
fractions  as  unusable  residues  the  art  of  gas  maldng  had  been  pretty 
considerably  developed,  and  in  connection  with  it  a  very  larm  num- 
ber of  evaporative  carburetors.  Some  of  these  had  fuel-feed  valves 
more  or  less  relating  the  control  of  fuel  flow  to  that  of  air  flow,  but 
tiie  great  majority,  substantially  all  of  them,  maintained  a  body  of 
liquid  either  m  bulk  or  spread  over  solid,  porous,  or  fibrous  surfaces, 
from  which  evaporation  took  place,  the  propcH-tions  bein^^  established 
by  the  evaporative  conditions  rather  than  by  the  conditions  of  feed 
and  flowi    From  this,  however,  has  come  in  a  more  or  less  logical 
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sequence  the  first  of  the  proportioning-flow  carburetors  of  the  air- 
dnven,  fuel-volume  meter  type,  shown  on  page  201.  (249,363,  Nov. 
8,  1881,  Jackson.)  An  ordmanr  gas  meter  acts  as  an  air  motor  to 
drive  a  fuel  meter  consisting  oi  a  rotating  plate  with  pockets  on  its 
face,  the  pockets  filling  as  they  pass  a  fuel  chamber  and  emptying  as 
they  pass  a  port  leading  into  the  metered  air  stream.  All  the  fuel 
is  thus  measured  and  proportioned  to  the  air  flowing  with  it  as 
volumetrically  proportioned  mixture.  The  first  case  of  this  class 
designed  directly  for  engine  use  where  the  bulk  and  cost  of  the  old 
standard  form  of  bellows  gas  meter  would  be  prohibitive  is  that  on 
page  201.  (791,801,  June  6,  1905,  Leinau.)  This  has  some  of  the 
characteristics  of  the  aspirating  jet  type  of  structure.  The  float 
chamber,  with  its  fuel  passage  and  fuel  outlet  above  the  chamber 
level,  are  the  same  as  would  operate  in  the  ordinary  aspirating  man- 
ner, except  that  the  jet  is  located  fairly  high  and  in  a  region  of  low 
air  velocity,  as  also  is  the  air  passage.  There  are  added  two  new 
elements — ^first,  a  small  centrifugal  Aiel  pump  in  the  fuel  passage, 
and,  second,  an  axial-flow  fan-blade  form  of  air  motor  in  the  path 
of  the  entering  air,  driving  the  pump.  There  is  a  suggestion,  in 
view  of  the  more  or  less  frec[uent  use  of  such  fanlike  motors  as 
stirrers  and  mixers,  that  this  is  the  primary  idea  here,  though  reli- 
ance is  placed  on  the  pump  action  to  eject  the  fuel.  The  case  is  in- 
teresting rather  for  its  suggestiveness  than  for  its  direct  value,  be- 
cause the  floow-speed  pressure  characteristic  of  the  pump  and  air 
motor  of  these  forms  are  not  such  as  well  maintain  proportionality. 
Another  form  involving  the  same  elements,  but  in  which  the  centrifu- 
gal pump  fuel  passages  discharge  radially  directly  into  the  air  instead 
of  through  a  jet  nozzle,  as  in  the  previous  case,  is  shown  on  page  202. 
(957,976,  May  17,  1910,  Lucas.)  A  more  directly  proportioning  ar- 
rangement based  on  volumetric  displacements  is  that  on  page  202 
(1,048,083,  Dec.  24,  1912,  Lavender),  in  which  a  rotary  volume 
meter  of  the  form  common  in  the  measurement  of  water  is  used  as 
air  motor  and  drives  a  pair  of  plunger  fuel  pumps.  If  the  slip  of 
these  two  displacers  were  exactly  the  same,  and  if  there  were  no 
density  variation  in  the  air  to  cause  variations  in  the  weight  of  air, 
even  when  its  volume  is  correctly  proportioned  to  the  fuel,  this  ar- 
rangement would  seem  to  offer  good  prospects,. at  least  as  good  as 
most  of  the  direct-jet  aspirators,  as  a  proportioner.  Of  course  there 
will  be  some  unfavoraole  inertia  lag  elements  to  interfere  with 
prompt  acceleration  of  a  variable-speed  engine,  and  once  it  is  oper- 
ating at  high  speed  the  inertia  of  the  moving  parts  of  the  propor- 
tioner will  continue  fuel  delivery  after  the  throttle  is  closed.  Fur- 
thermore, the  size  of  the  apparatus  must  necessarily  be  large,  as  the 
speed  of  a  gasoline  pump  can  not  be  high,  but  the  arrangement  is 
truly  one  of  the  proportional-flow  class. 

A  similar  rotary  meter  type  of  air  motor  driving  a  gear  form  of 
fuel  pump  by  friction  disks  to  secure  a  suitable  ratio  for  adjustment 
of  proportions  is  shown  on  pages  202  and  203.  (1,119,479,  Dec.  1, 
1914,  Veeder.)  There  is  also  added  a  diaphragm  form  of  fuel  needle 
control  to  adjust  the  inlet  automatically  with  change  of  speed,  so  as  to 
keep  the  pump  delivery  pressure  nearly  constant.  A  late  form  of  the 
centrifugal  fuel  pump  driven  by  an  air  motor  of  the  turbine  class  is 
shown  on  page  203  (1,137,238,  Apr.  27,  1915,  Sherman),  the  rotor 


Digitized  by 


Google 


200  AEBOKAUTICS. 

being  mounted  on  ball  bearing  directly  above  the  float  chamber  and 
the  pump  consisting  primarily  of  a  curved  disk  concave  upward 
with  an  orifice  restricted  entrance.  Still  a  different  form  involving 
an  impulse  form  of  air  motor  is  shown  on  pa^  203  (1,149,823,  Aug. 
10,  1915,  Baker  &  Swan),  where  an  automatic  intake  valve  of  the 
swing-check  type  is  employed  as  an  air-entrance  nozzle  to  direct  the 
air  to  the  motor  vanes  at  approximately  constant  velocity  as  the 
intake  gate  varies.  A  gear  type  of  fuel  pump  delivers  the  air  to 
the  throat  of  an  air-delivery  venturi  tube  for  si)raying  where,  of 
course,  there  will  be  a  depression  of  pressure,  helping  to  induce  fuel 
flow.  Some  air  at  high  speed  by-passes  the  spraying  tube  through 
swing  checks,  tending  to  keep  the  delivery  velocity  through  the 
spraying  throat  approximately  constant 

Ciass  5,  carburetors,  proportioning  fiow^  aspirating^  single-fixed 
fuel  and  air  inlets, — Nothing  simpler  than  this  structural  arrange- 
ment for  a  proportioning  flow  carburetor  could  well  be  conceived,  so  it 
is  quite  natural  to  find  many  efforts  to  devise  arrangements  which 
by  reason  of  their  details  or  dimensions  might  be  made  to  work 
satisfactorily  enough  for  at  least  some  sorts  and  sizes  of  engines. 
One  of  the  early  cases,  page  204  (622,274,  Sept.  19,  1899,  Riotte), 
has  a  constant  level  chamber  of  the  overflow  type  and  a  fuel  passage 
branching  beyond  the  needle  valve  to  four  orifices  for  mixing  pur- 
poses, the  whole  chamber  being  doubled  for  direct  bolting  to  the 
two  intake  ports  of  a  two-cylinder  stationary  engine.  A  different 
form  of  constant-level  cup  of  overflow  type  is  shown  on  page  204 
(658,267,  Sept  18,  1900,  Kennedy),  constructed  somewhat  like  a 
plumbing  trap^  and  still  another  form  on  page  205  (682,596,  Sept. 
17,  1901,  Aldnch),  which  has  in  addition  a  plug  form  of  fuel  ad- 
justing valve.  Location  of  the  fuel  nozzle  in  the  center  of  a  float 
tyi)e  of  constant-level  chamber  to  keep  the  fuel  head  constant  in  spite 
of  the  titling  that  is  a  necessary  part  of  transportation  service  is  shown 
on  pages  205  and  206  (685,998,  Nov.  5,  1901,  Le  Blon),  in  which  the 
nozzle  is  axially  situated  in  a  straight  portion  of  a  cylindrical  air 
passage,  air  and  fuel  flowing  in  the  ^une  direction,  the  air  passage 
being  provided  with  a  manually  adjusted  restricted  inlet.  Cross 
flow  IS  illustrated  on  page  206  (724,648,  Apr.  7, 1903,  Zimmermann), 
the  fuel  needle  valve  stem  crossing  a  straight  air  passage  at  right 
angles  and  being  carried  in  a  cage  that  restricts  air  flow.  Another 
such  crossing  fuel  valve  stem  is  shown  on  page  206  (729,647,  May  * 
26, 1903,  White) ,  arranged,  however,  in  a  bend,  so  the  air  passes  the 
fuel  inlet  at  an  angle  and,  by  reason  of  the  obstructions,  with  many 
eddy  currents.  Location  of  a  fuel  heater  betwe^i  the  fuel-measuring 
nozzle  and  the  point  of  mixture  with  the  air  at  which  the  fuel  flow- 
inducing  vacuum  originates  is  illustrated  on  page  206.  (804,589, 
Nov.  14, 1905,  Enrico.)  This  fuel  nozzle,  of  the  multiple-outlet  form, 
discharges  over  a  series  of  heated  tubes,  where  its  fuel  is  to  be 
vaporized  in  its  own  atmosphere.  Of  course  the  heating  develops 
some  expansion,  which  has  a  similar  influence  to  flow  resistance,  and 
if  the  heat  were  variable  there  would  be  a  variation  of  proportions 
due  to  it  alone,  independent  of  other  influences.  A  curious  form  of 
fuel  passage,  made  crooked  for  the  purpose  of  resisting  excessive 
increases  of  fuel  flow,  is  shown  on  page  207.  (846,903,  Mar.  12, 
1907,  Bradbeer.)     On  page  207  (986,387,  Oct.  12, 1904,  Maybach)  is 
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another  scheme  for  modifying  fuel  exit  by  causini^  a  continuous 
circulation  of  fuel  through  the  fuel  nozzle  in  the  direction  of  the 
fuel  exit,  the  overflow  chamber  being  incorporated  in  the  nozzle,  so 
there  is  always  some  velocity  head  of  fuel,  contributing  to  the  luel 
flow,  in  addition  to  the  air-flow  vacuum. 

In  all  the  cases  so  far  the  vacuum  at  the  fuel  inlet  is  due  mainly 
or  exclusively  to  an  entrance  resistance  and  flow  resistance  up  to  the 
fuel  nozzle  and  not  to  any  particular  velocity  head  conditions,  due 
to  contractions  of  passage  or  to  bends  and  baffles.  On  paee  207 
(939,481.  Nov.  9,  1909,  Dickson)  the  fuel  nozzle  is  located  in  a 
curved  elbow  and  the  air  will  tend  to  crowd  away  from  the  jet  more 
in  proportion  as  its  velocity  is  higher,  so  that  the  vacuum  due  to  air 
velocity,  independent  of  entrance  resistance,  will  not  increase  at  the 
fuel  inlet  as  fast  as  the  air  flow  itself  does.  This  is  a  sort  of  .cor- 
rector for  the  tendency  toward  excess  recliners  or  increased  flow.  An 
indication  of  the  recent,  though  as  yet  feeble,  tendency  to  study  the 
flow  laws  of  passages  of  different  forms  and  to  develop  flow  passages 
that  have  suitable  flow  laws  that  contribute  to  proportionality  is  the 
peculiar  fuel  passage  and  nozzle  on  page  208.  (1,160,662,  ISov.  16, 
1915,  Slaby.)  The  perforated  rose  head  may  be  so  formed  as  to  give 
quite  a  range  of  control  of  liquid  flow  vacuum  at  the  top  of  the 
vertical  tube,  by  location  and  size  of  the  holes,  and  the  bafiles  in  the 
fuel  passage  mav  likewise  serve  as  a  means  of  control  of  the  fuel 
flow  law  with  reierence  to  the  effective  vacuum,  of  course,  each  within 
suitable  limits.  Two  fuels,  each  with  its  own  float  chamber  and  ad- 
justablv  fixed  fuel  passage,  discharge  alternately  to  the  same  fuel 
nozzle  by  the  turning  of  a  central  switch  valve  in  the  form  on  page 
208  (1,171^00,  Feb.  8, 1916,  HoUey)  intended  for  engines  starting  on 
gasoline  and  later  operatea  when  hot  on  kerosene. 

Subclass  3 J — Fuel  inlet  at  air  throat. — Contraction  of  the  air  pas- 
sage walls  in  the  manner  used  in  injectors  and  compressed  air  spray 
nozzles  but  applied  to  aspirating  flow  is  illustrated  on  page  211. 
(350,769,  Oct.  12,  1886.  Ragot  &  Smyers.)  As  here  apphedit  de- 
livers the  mixture  in  whatever  proportions  the  form  and  dimensions 
make  possible  to  a  heated  pot  for  vaporization^so  that  the  engine 
may  operate  as  an  oil  engine  on  heavy  fuel.  This  is  another  one 
of  that  class  of  oil  engines  developed  from  the  gasoline  engine  bv  the 
addition  to  the  latter  of  a  mixture  heater.  Placing  the  fuel  inlet  at 
a  restriction  in  the  air  passage  or  air  throat  or  choke  tube  makes  fuel 
flow  primarily  dependent  on  the  air  velocity  head  rather  than  entrance 
restriction,  as  illustrated  on  pages  211  and  212  (698778,  Feb.  18, 1902, 
Bardwell),  an  axial  parallel  flow  arrangement,  and  on  page  212 
(789,587,  May  8,  1905,  Growville  &  Arguembourg^  a  cross-flow 
arrangement,  out  without  a  fuel  valve  stem  crossing  tne  air  passage. 
Such  a  throat  arrangement  of  curved  form  where  the  fuel  valves  do 
cross  is  shown  on  pa^je  212  (906,980,  Dec.  15, 1908,  Winton  &  Ander- 
son), in  which  the  air  tends  to  beat  against  the  fuel  inlet,  restricting 
its  flow  as  the  air  velocity  increases  more  than  if  the  flow  were 

Parallel  or  than  for  plain  cross  flow,  therebv  tending  to  correct  their 
ael  flow  excesses  at  high  rates.    As  the  fuel  inlet  is  submerged  a 
pool  will  form,  which  on  a  sudden  increase  of  air  flow  will  be  picked 
up  and  carried  along  aiding  acceleration,  so  this  is  one  form  of 
72805*— S.  Doc.  660, 64-2 14 
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accelerating  cup.  A  rather  ^ood  form  of  air  passage,  practically  a 
venturi  tube,  by  reason  of  tne  small  angle  of  the  discharge  cone, 
and  having  parallel  axial  flow,  as  shown  on  page  213  (954,905,  Apr. 
12, 1910,  Wolf),  which  is  also  provided  with  a  heating  jacket  between 
the  float  chamber  and  throat  to  promote  vaporization.  Heaters 
located  like  this  will  affect  the  densities  of  the  fuel  and  air,  and  the 
viscosity  of  the  former,  and  therefore  change  their  proportionality 
accordingly.  To  secure  an  initial  flow  inducing  vacuum  of  a  given 
fixed  minimum  value,  from  which  the  vacuum  may  begin  to  rise 
instead  of  starting  with  zero  with  reference  to  flow  rate,  a  li^t 
gravity  loaded  check  valve  striking  a  stop  is  used  on  page  213. 
(1,038,699,  Sept.  12,  1912,  Wilkinson.)  This  is  of  special  service  at 
low-rate  flow  or  on  idling,  but  in  no  other  way  does  it  change  the 
proportionality  characteristics  of  the  other  arrangements  from  what 
they  would  be  with  a  fixed  air  inlet  of  area  equal  to  that  available 
with  the  air  check  valve  open.  Adaptation  of  the  contracted  throat 
means  of  developing  a  localized  vacuum  to  induce  fuel  flow  to  the 
closed  crank  case  form  of  two-cycle  engine  is  illustrated  on  pages  213 
and  214  (1,117,641,  Nov.  17,  1914,  Cottle),  where  the  fuel  mlet  is  at 
the  throat  and  the  upstream  wide  end  of  the  conical  air  passage  is 
connected  to  the  top  of  the  float  chamber.  In  this  way  the  fact 
that  the  air  is  under  a  pressure  greater  than  atmosphere  makes  no 
difference  in  the  flow  proportionality.  It  is  a  good  illustration  of 
the  fact  that  float  chamber  surface  pressure  equalization  with  the 
air  supply  passage  adapts  practically  any  carburetor  to  the  use  of 
compressed  air,  even  though  it  were  designed  for  pure  aspiration 
from  the  free  atmosphere.  The  curved  air  throat  with  cross  fuel 
discharge  and  accelerating  cup  is  illustrated  again  on  page  214 
(1,130,981,  Mar.  9,  1915,  Kingston),  but  with  an  additional  element, 
a  low  speed  lifting  tube  for  wet  mixture.  Around  the  steam  of  the 
fuel  adjusting  valve  a  loose  sleeve  is  placed,  passing  through  the 
dividing  wall,  and  through  which  the  fuel  and  air  will  be  lifted  at 
low-flow  rates  by  the  head  equivalent  to  the  check  ball.  The  lifting 
will  be  assured  at  rates  so  low  as  would  fail  to  lift  the  fuel  in  an 
ordinary  passa^  if,  as  is  the  case  with  most  of  the  present  day 
gasoline,  it  resists  prompt  vaporization.  An  interesting  form  of 
lifting  tube  passing  directly  through  the  center  of  a  damper  throttle 
is  illustrated  on  page  214  (1,190,714,  July  11,  1916,  Bottome),  here 
applied  to  a  simple  venturi  throat  carburetor  of  noncompensating 
form,  but  evidently  applicable  to  others. 

Subclass  3£ — Air  gvMes  or  haiJlea. — ^The  object  of  such  baffles  or 
air  guides  is  to  correct  the  tendency  for  fuel  to  increase  faster  than  or 
just  to  mix  the  two.  Arrangement  of  the  air  passage  in  the  form  of 
a  return  bend  with  a  small  tube  projection  in  each  leg  permits  the 
air  velocity  head  to  act  positively  at  one  and  negatively  on  the  other, 
and  connection  of  one  above  ana  the  other  below  the  ruel  surface  in 
the  closed  constant-level  chamber  gives  practically  twice  the  flow- 
inducing  pressure  difference  that  is  normally  used.  This  is  illustrated 
on  page  215.  (660,482,  Oct.  23,  1900,  Bates.)  Mixing  is  the  object 
of  the  helical  baffle  on  page  216.  (737,463,  Aug.  25,  1903,  Pearson.) 
Formation  of  a  spraying  passage  in  the  main  air  passage  by  baffles  is 
illustrated  on  page  216.  (791,501,  June  6.  1905,  Richard.)  Flow 
correction,  the  former  action,  wUl  undoubtedly  take  place  in  the  form, 
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page  217  (817,641,  Apr.  10,  1906,  Harris),  because  the  hanging  wall 
wifl  prevent  any  increased  velocity  head  action  at  the  final  imet,  so 
fuel  flow  will  increase  with  air  only  as  a  result  of  air  entrance  re- 
sistance without  air  velocity  head  assistance.  Quite  the  contrary  is 
the  object  on  page  217  (817,941,  Apr.  17, 1906,  Stute),  where  the  air 
is  guided  directly  over  the  fuel  inlet,  contributing  the  maximum  air 
velocity  head  effect  on  fuel  flow  added  to  the  entrance  resistance. 

A  circular-slot  form  of  fuel  inlet  is  shown  on  page  218  (862,083, 
July  30, 1907,  Lon^enecker),  so  arranged  behind  an  annular  air  baffle 
as  to  receive  a  similar  additive  effect  of  air  entrance  resistance  and 
velocity  head.  Combination  of  a  spraying  arrangement  of  baffle 
with  the  accelerating-cup  idea  is  illustrated  on  page  219.  (886,283, 
Apr.  28, 1908,  Wayrynen.)  At  low-flow  rates  the  cup  remains  nearly 
full  with  the  air  sweeping  off  a  surface  film,  but  a  sudden  increase  of 
air  flow  will  sweep  it  clear  of  contents,  adding  this  volume  momen- 
tarily to  the  fuel  that  flows  steadily  at  the  new  higher  rates  due  to 
the  greater  vacuum.  A  complete  shrouding  of  the  fuel  inlet  with 
opposed  axial  flow  to  reduce  to  a  minimum  the  velocity  head  effect, 
though  not  eliminating  it,  because  there  is  some  such  action  at  the 
base  of  the  shroud,  is  shown  on  page  219.  (1,072,376,  Sept.  2,  1913, 
Alden.)  Location  of  the  fuel  inlet  in  the  center  of  an  air  vortex 
produced  by  inward  flow  of  air  between  radially  curved  vanes  in  the 
air  passage  is  shown  on  pages  219  and  220.  (1,141,570,  June  1, 1915, 
McCormack.) 

Subclass  3.3 — Rotating  fuel  spreader^  air  dnveru — While  normally 
such  attachments  are  arranged  solely  as  mixers,  they  may  in  some 
cases  exert  a  fuel-flow  influence,  producing  to  a  partial  degree  the 
action  of  class  2.  Such  is  the  case,  for  example,  with  the  form,  page 
221  (1,092,953,  Apr.  14, 1914,  Sanborn),  but  not  so  with  the  form  on 
page  221  (1,178,127,  Apr.  4,  1916,  Bricken).  In  the  former  the  fuel 
IS  subjected  to  a  lifting  action  beyond  its  submerged  measuring  re- 
striction, which  reduces  the  degree  of  submergence  and  increases  the 
flow,  but  in  the  latter  form  no  fuel  is  subjected  to  the  rotating  influ- 
ence until  it  has  dropped  free  of  the  passages  where  its  flow  might  be 
affected. 

Subclass  34^  variable  jet  and  throat  relation. — ^This  is  one  of  the 
most  promising  means  of  correcting  for  the  tendency  toward  rich- 
ness on  increasing  flow  rates  and  is  illustrated  in  one  form  on  page 
225  (1,086,226,  Feb.  3, 1914,  Sassano),  where  the  fuel  inlet  while  fixed 
is  acted  upon  by  the  vacuum  at  a  hole  in  a  tube  surrounding  the 
nozzle.  This  tube  rises  with  increased  flow  by  reason  of  the  baffles 
in  the  tapered  passage,  thereby  raising  the  hole  to  a  higher  point 
where  the  vacuum  is  less  at  a  given  air-flow  rate  than  at  a  low  point. 
Therefore  the  flow  rate  for  ftiel  will  not  increase  as  fast  as  if  its 
inlet  were  acted  on  by  the  vacuum  at  a  fixed  point  in  the  venturi. 
The  action  is  corrective  as  to  proportionality  in  a  qualitative  sense 
and  can  be  made  so  to  a  proper  degree  by  suitably  curving  the  taper- 
ing walls.  The  effect  is  the  same  as  if  the  fuel  inlet  were  moved  to 
that  portion  of  the  venturi,  as  would  by  the  vacuum  in  it,  produce  the 
correct  constant  proportioning  flow.  In  a  different  way  the  same 
effect  is  secured  by  moving  an  approximation  to  a  venturi  past  a 
fixed  fuel  nozzle  in  the  form,  page  225  (656,197,  Aug.  21,  1900, 
Lumiere),  a  case  about  14  years  older. 
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^fi^'^^bclass  3£^  variable  float  chamber  vressure. — ^Movinff  the  position 
is  ^^3^e  fuel  inlet  with  respect  to  the  tnroat  of  a  tapered  air  passage 
gi>^^^ivalent  to  adjusting  the  fuel-flow  head  to  that  value  that  would 
tar^    the  correct  constantly  proportionate  flow,  by  operating  at  the 
^U^^*  of  fuel  exit  from  the  fuel  passage,  but  it  is  evident  that  a 
^^^iar  corrective  pressure  control  could  be  exerted  at  the  entrance 
l^^^  ^f  the  fuel  passage,  which  is  the  float  chamber,  and  such  is  the 
f^J^H^^ct  matter  of  this  subclass,  the  first  case  in  which  is  that  illus- 
th^^^  on  page  226  (686,101,  Nov.  5, 1901,  Maybach),  serviceable  only 
fcc^X^'^onstant  speed  engines.    Combination  of  the  Venturi  tube  air 
(JV^  ^t,  having  a  right-angled  fuel  nozzle,  with  the  float  chamber  sur- 
v\\      pressure  means  of  compensation,  is  illustrated  on  page  226 
^!^S!962,  Oct.  20,  1903,  Grouvelle  &  Arquembourg).    By  means  of 
^^    calibrated  holes  above  the  fuel,  one  to  the  atmosphere  and  the 
WL^r  to  the  Venturi  throat,  the  float-chamber  pressure  can  be  kept 
at  a  regularly  increasing  value  below  atmosphere  as  the  flow  rate 
increases.    Another  case  of  different  form  is  that  on  page  226. 
(954,488,  Apr.  12,  1910,  Wolf.)     Here  the  float  chamber  is  brought 
into  communication  with  the  mixing  chamber  by  a  valve,  and  air 
entrance  to  the  float  chamber  by  another  valve.    Adjustment  of  these 
two  valves  will  permit  of  the  establishment  of  any  effective  head  on 
the  fuel  from  zero  when  the  latter  valve  is  shut  off  and  the  former 
open  up  to  the  maximum  when  the  former  is  shut  off  and  the  latter 
open.     Opening  both  gives  an  intermediate  effect.     Such  an  adjust- 
ment, however,  is  similar  to  an  adjustment  of  an  air  or  a  fuel  valve 
by  hand,  and  there  is  no  assurance  that  the  variations  in  float  chamber 
pressure  with  a  fixed  valve  setting  will  be  just  what  is  needed  to  com- 
pensate for  fuel  flow  excesses.     One  attempt  in  this  direction  is  that 
on  pages  226  and  227  (1,002,646,  Sept.  5,  1911,  Conrad),  where  holes 
at  the  entrance  and  exit  of  the  air  venturi  conmiunicate  with  the 
float  chamber  with  a  view  to  making  its  pressure  automatically,  the 
mean  between  them,  or  the  vacuum  half  that  in  the  mixing  chamber. 
In  this  way  the  fuel  flow  is  definitely  corrected  to  a  fixed  degree, 
but  there  is  no  assurance  that  this  is  the  ri^ht  degree  nor  that  the 
correction  should  be  alwavs  the  same  fraction.    Another  effort  to 
secure  a  definite  degree  of  float  chamber  pressure  change  from  atmos- 
phere but  in  the  excess  direction  is  that  on  page  227  (1,064,627,  June 
10.  1913,  Ensign),  where  the  pressure  in  the  float  chamber  is  the 
velocity  head  of  the  air  in  an  entrance  passage,  brought  to  bear  by 
pitot  tube  and  pipe  connection.    In  aadition,  the  air  enters  in  a 
vortex,  at  the  center  of  which  is  the  fuel  inlet,  so  placed  with  ref- 
erence to  a  dome  baffle  as  to  be  in  a  region  of  low  vacuum,  the  dome 
also  acting  as  throttle.    Neglecting  the  vacuum  at  the  fuel  nozzle  the 
effect  should  be  the  same  on  the  fuel  flow  as  if  a  fuel  nozzle  of  the 
same  sha^e  were  located  in  the  same  place  as  the  Pitot  tube,  but 
pomting  in  the  opposite  direction  and  fed  from  a  constant  level 
chamber  open  to  the  atmosphere. 

Adjustment  of  float  chainber  pressure  to  a  definite  degree  is  accom- 
plished, pages  227  and  228  (1,074,625,  Oct.  7,  1913,  Johnson,  Glaser 
&  Lloyd),  by  connecting  it  with  one  point  of  a  Venturi  tube  while 
the  fuel  inlet  is  located  at  another  point.  This  case  is  of  interest 
also  because  it  illustrates  a  diaphragm-controlled  fuel-level  valve. 
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Cl(i88  4j  carburetors^  proportioning  fiow^  asmrating  single  fuel^ 
multiple  <dr  iriletf^  both  fixed. — ^Most  oi  the  carburetors  of  this  class 
have  only  two  air  inlets,  and  these  arranged  as  primary  and  sec- 
ondary, but  the  eflFectiveness  of  this  arrangement  over  a  single  air 
inlet  depends  entirely  on  the  details.  When  the  two  air  streams  enter 
through  fixed  inlets  that  are  similar  and  similarly  placed,  the  second 
is  of  no  more  value  than  a  change  in  adjustment  of  either  a  single 
air  or  a  single  fuel  inlet.  In  such  a  case  there  can  be  no  fuel  flow 
compensation  or  correction  of  proportions  to  restore  a  changing  pro- 
portion to  constancy,  because  the  ratio  of  primary  to  secondary  air 
will  be  constant  and  the  total  no  different  with  respect  to  fuel  than 
if  it  all  entered  at  one  point,  however  much  the  mixing  may  be 
improved.  To  accomplish  compensation  the  secondary  air  should 
increase  faster  than  the  primary  in  ordinary  arrangements  to  com- 
pensate for  the  fuel  that  naturally  tends  to  increase  too  fast,  and  this 
requires  that  the  resistance  to  entrance  of  the  secondary  be  increas- 
inglv  smaller  than  that  of  the  primary  as  the  total  flow  increases. 
Botn  kinds  of  arrangements  are  illustrated,  page  229  (772,979,  Oct. 
25, 1904,  Vaurs) ,  being  of  the  fixed  ratio  sort,  primary  to  secondary 
air,  page  229  (848,170,  Mar.  26,  1907,  Hedstrom)  tending  toward 
correction  by  inserting  a  helical  resistance  baffle  in  the  primaiy  air. 

Application  of  a  Venturi  air  tube  type  carburetor  with  primary 
and  secondary  air,  mutually  adjustable  oy  hand  to  the  carbureting 
of  air  under  pressures  greater  than  atmosphere,  is  illustrated  on 
pages  229, 230,  and  231  (991,029,  May  2, 1911,  Scott),  without  in  any 
way  interfering  with  the  aspirating  character  of  the  fuel,  because  the 
float  chamber  surface  pressure  is  equalized  with  that  of  the  source  of 
air  supply.  Incidentally  tfiis  is  an  interesting  form  of  two-cyde 
engine  m  which  the  crank  end  of  the  cylinder  acts  as  air  pump,  per- 
mitting the  open  type  of  frame  to  be  substituted  for  the  then  more 
common  form  of  closed  crank  case.  This  form,  shown  on  page  231 
(1,159,167,  Nov.  2,  1915,  Breeze),  goes  further  in  seeking  compensa- 
tion by  the  use  of  a  Venturi  for  both  air  passages,  that  for  primary 
air  being  very  small  and  discharging  into  the  throat  of  the  large 
secondary.  A  short  free  passage  for  the  secondary,  and  a  longer 
more  resistant  passage  for  the  primary,  so  related  that  the  primary 
helps  to  induce  the  secondary,  is  shown  on  page  231.  (1,134,365, 
Apr.  6, 1915,  Barnes.)  This  same  case  also  illustrates  an  interesting 
form  of  low  velocity  or  idling  lifting  tube,  brought  into  action  by 
closing  the  throttle,  which  act  diverts  the  mixture  from  the  low 
velocity  main  air  passage  to  a  small  high  velocity  by-pass,  helping  to 
lift  unvaporized  luel.  Even  though  the  whole  arrangement  is  such 
as  to  conform  to  the  principle  of  increasing  ratio  of  secondary  over 
primary  air,  it  does  not  follow  that  the  amount  of  changjB  will  be  just 
what  is  required  for  compensation;  it  may  be  qualitatively  proper, 
but  quantitatively  improper  or  inadequate. 

Subclass  i.l^  mixed  flow. — Admission  of  air  to  the  fuel  passage  is  a 
direct  means  of  compensation  qualitatively  correct  and  questionable 
only  as  to  degree,  because  any  such  air  reduces  at  once  the  vacuum 
that  is  inducing  flow,  and,  therefore,  reduces  the  flow  so  tiiat  if  ad- 
mitted to  the  right  place  and  in  the  right  degree  it  would  constitute 
a  satisfactory  fuel-flow  corrector  and  result  in  constancy  of  pro- 
portions when  otherwise  the  fuel  ratio  would  be  increasing.    The 
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problem  is,  therefore,  one  of  how,  where,  and  to  what  degree  the 
mixed-flow  air  should  be  admitted  so  that  as  the  main  flow  increases 
the  mixed-flow  air  increases  regiilarly  to  just  tiie  amount  needed  to 
keep  the  fuel  flow  from  increasing  too  fast  While  the  mixed-flow 
idea  as  a  compensating  means  is  one  of  the  latest  to  be  recognized,  it 
has  been  disclosed  for  quite  some  time  in  connection  with  a  single 
fixed  fuel  inlet  and  one  other  fixed  air.  One  early  case,  that  on 
page  233  (681,382,  Aug.  27, 1901,  Westman)  shows  it  applied  to  the 
old  overflow  type  of  stationary  engine  level  cup,  extending  its  value 
for  throttle-governed  engines,  where  without  it  trouble  would  re- 
sult, however  satisfactoir  the  operation  might  be  for  hit-and-miss 
governed  engines.  Another  case  of  stationary  engine  use  is  that  on 
page  233  (684,662,  Oct.  15,  1901,  Ahara),  where  it  is  combined  with 
an  accelerating  cup  brought  into  play  and  emptied  after  a  miss  to 
supply  fuel  to  the  extra  air  in  the  engine  clearance  over  what  is 
there  after  an  explosion.  A  very  simple  form  of  mixed-flow  type  of 
compensator  applied  to  a  carburetor  having  the  overflow  sort  of 
constant  level  chamber  is  shown  on  page  224.  (686,092,  Nov.  5, 
1901,  Lear.)  Another  and  also  simple  form  used  in  connection  with 
a  float  chamber  and  curved  venturi  main  air  passage  is  that  on  page 
233  (898,920,  Sept.  15,  1908,  Pierson),  where,  as  in  the  case  on  page 
233  (Westman) ,  the  fuel  valve  is  drilled. 

A  more  definite  means  of  regulating  the  mixed-flow  air  is  that  on 
page  235  (1,121,630,  Dec.  22,  1914,  HoUey),  where  the  lowering  of 
the  level  in  the  float  chamber  that  results  from  high-flow  rates  is 
relied  upon  to  admit  air  to  the  fuel  passage,  and  tne  construction 
is  used  in  conjunction  with  an  accelerating  cup  beyond  the  fuel  inlet. 
The  presence  of  the  drain  hole  at  the  low  point  of  the  mixing  cham- 
ber is  an  indication  of  the  difficulty  in  vaporizing  modem  gasolines, 
which  at  low-flow  rates  tend  to  accumulate  and  when  enough  has 
collected  to  suddenly  overflow.  In  place  of  such  drain  holes  it  has 
become  the  practice  to  provide  a  lifting  tube,  extending  above  the 
throttle.  A  most  interesting  mixed-flow  fuel  nozzle  is  that  on  page 
235  (1,130,490,  Mar.  2,  1915,  Delaunay  &  Belleville),  where  the 
amount  of  such  air  is  controlled  by  the  velocity  in  the  throat.  Another 
case  controlled  by  the  level  in  an  auxiliary  well,  which  also  acts  as 
accelerating  cup,  is  shown  on  page  235.  (1,149,035,  Auj^.  3,  1915, 
Dou6.)  Efere  the  fuel  passage  is  supplied  from  two  orifices  to  the 
float  chamber  with  a  siphoning  well  between  them,  which  well  fills 
at  low-flow  rates  only  one  fuel  orifice  supplying  the  nozzle.  A  sud- 
den increase  in  demand  empties  the  well  and  exposes  a  series  of  air 
holes  through  which  air  enters  to  retard  the  fuel  flow,  the  number 
depending  on  the  vacuum,  as  the  second  fuel  orifice  acts  to  close 
them  against  the  vacuum  tending  to  expK)se  them. 

This  principle  of  fuel-flow  compensation  directly  acting  on  the  n^ 
fuel  head  by  admission  of  air  to  the  fuel  passage,  termed  mixed 
flow,  illustrated  here  in  connection  with  a  single  fuel-fixed  inlet  and 
one  other  fixed-air  inlet,  will  be  found  in  use  with  other  fuel  and 
air  inlet  combinations,  as  is  also  the  case  with  its  counterpart  com- 
pensating scheme,  the  control  of  float  chamber  pressure. 
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ClasB  B—CarbwtetoTB^  proportioning  -flowy  aspiratma^  nvuUiple  fud 
single  air  inlets^  both  -fixea. — Just  as  two  or  more  fixed  air  imets. 
differently  situated  or  having  different  flow  characteristics  associated 
with  a  single^  fixed  fuel  inlet  may  be  made  to  act  in  a  compensating 
manner,  so  also  is  it  possible  to  fix  more  than  one  fuel  inlet  in  a  single 
fixed  air  passage,  the  problem  bein^  to  discover  such  an  arrangement 
as  will  result  in  a  combined  fuel  flow  from  all  of  the  several  differ- 
ently situated  fuel  inlets,  that  will  increase  with  the  air  in  a  constant 
ratio  instead  of  an  increasing  ratio,  as  would  be  the  case  if  all 
were  similarly  situated,  and  therefore  equivalent  to  one.  In  some 
cases,  however,  the  two  fuel  inlets  are  arranged  so  Uiat  a  correct  ratio 
of  fuel  to  air  can  be  obtained  at  low  speed  or  low  flow  rates  by 
manual  adjustment,  and  also  again  at  high  speed,  the  intermediate 
ranges  being  more  or  less  uncertain.  The  three  typical  ^oups  of 
this  class  are  each  designated  by  a  subclass  number  and  the  several 
cases  collected  under  the  subclasses. 

JSuhclass  SJ — Main  fuel  inlet  with  supplementary  highrspeed  jet. — 
Two  fuel  inlets  located  at  different  points  in  an  air  venturi,  one  sup- 
plying all  dt  practically  all  the  fuel  for  low  speed  and  the  other 
coming  into  action  as  the  flow  rate  increases,  is  the  combination  illus- 
trated on  page  237  (1,079,634,  Nov.  25,  1918,  Burchartz),  in  which 
also  the  accelerating  cup  is  incorporated. 

/Subclass  6S — Main  fuel  inlets  with  supplementary  idling  iet. — 
Addition  to  a  single  plain  fixed  fuel  and  air  inlet,  of  a  second  fuel 
inlet  above  the  throttle,  arranged  to  act  on  closed  throttle  when  the 
main  jet  is  supplying  inadequate  fuel  or  none  at  all,  is  illustrated  on 
page  238  (995,074,  June  13, 1911,  McCarthy). 

Subclass  6.3 — Fuel  standpipe. — Instead  of  fixing  the  proportions 
by  manual  adjustment  or  location  of  two  fuel  inlets  for  two  limiting 
flow  rates,  as  in  the  previous  cases,  without  any  definite  effort  to 
secure  graduation  between  them,  the  regular  graduation  may  be  the 
main  object.  Usually  the  method  employed  here  is  that  designated 
as  the  standpipe,  illustrated  in  its  multitubular  form  on  page  239 
(1,093,343,  Apr.  14.  1914,  McAndrews),  which  is  only  a  step  m  this 
direction,  as  it  has  but  three  fuel  tubes  with  outlets  at  different  levels 
in  the  air  passage,  therefore  constituting  what  might  be  called  a 
three-point  adjustment.  It  is  evident  that  with  this  arrangement  the 
correct  proportions  could  be  secured  for  steady  flow  at  least  for  three 
separate  flow  rates.  Still  more  tubes,  or  passages  formed  in  the  walls 
of  a  tube  with  outlets  at  different  heights,  the  highest  one  being  above 
the  throttle,  are  found  on  page  239  (1,148,378,  July  27,  1915,  Grapin 
&  Grapin).  Evidently  any  number  could  be  so  fixed ;  the  more  l^ere 
are,  however,  the  smaller  each  becomes,  the  less  easy  it  is  to  secure  the 
several  separate  manual  adjustments,  and  the  more  the  tendency  for 
the  fuel  in  the  standpipes  to  surge  and  oscillate  on  pulsating  flow, 
which,  of  course,  defeats  the  purpose.  The  fact  that  this  sort  of  dis- 
position of  multiple  fuel  inlets,  dissimilarly  placed,  is  usually  asso- 
ciated with  variable  air  inlets  is  an  indication  of  difficulty  with  or 
objections  to  a  single  air  inlet 
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ClasB  6 J  carburetors^  vroportianing  floWj  aspirating^  multiple  fuel 
and  m/ulttple  air  inletSj  ootk  fixed. — ^That  suitable  dispositions  of  dif- 
ferently situated  multiple  fuel  and  air  inlets  offers  possibilities  of 
compensated  proportioning  flow  is  clear  from  the  preceding  examina- 
tion of  several  air  inlets  for  a  single  fuel  and  of  several  fuel  inlets 
for  a  single^  air  and  along  similar  lines.  However,  stUl  other  and 
new  possibilities  are  open^  up  in  the  double  and  multiple  carburetor 
in  which  two  or  more  complete  carburetors  may  be  brought  into  action 
successively  as  the  flow  rates  increase,  any  one  being  limited  to  flow- 
rate  variations  not  great  enough  to  seriously  affect  tiie  proportion- 
ality. 

In  the  case  on  pa^e  244  (1,097,165,  May  19,  1914,  Bucherer),  two 
fuel  inlets  are  provided — one  supplied  from  a  constant  level  cup 
open  to  the  atmosphere,  the  other  forms  another  such  cup,  fed  from 
the  first,  in  which  the  surface  pressure  is  less,  being  open  to  the  air 
and  to  the  venturi  air  throat,  so  that  the  surface  pressure  decreases 
with  increasing  air-flow  rates,  and  the  level  becomes  higher  than  in 
the  float  cup.  The  sum  of  the  fuel  flow  from  these  two  will  clearly 
not  increase  with  air  flow  as  fast  as  that  from  an  ordinary  jet,  but 
it  is  a  question  whether  or  not  the  compensation  is  correct  in  amount. 
Aspiration  from  the  fuel  inlet  with  equalized  float-chamber  pressure 
is  promoted  by  a  second  small  air  inlet  directly  crossing  it.  This 
is  a  case  of  compensation  by  positioning  of  inlets. 

Subclass  6.1.  double  carburetor^  progressive^  by  throttle. — ^Nat- 
urally two  fuel  inlets,  each  in  its  own  air  inlet,  can  be  proportioned 
or  adjusted  to  give  correct  proportions  for  at  least  two  different  flow 
rates,  and  this  is  the  idea  of  the  double  carburetor,  which  may  have 
different  flow  characteristics  and  proportions  at  other  rates,  depend- 
ing on  the  form  of  each  of  the  two  elementary  carburetors.  If  the 
engine  speed  be  constant,  as  with  governor-controlled  stationary  en- 
gines, then  there  is  a  more  or  less  definite  relation  brtween  the  flow 
rate  and  the  throttle  position ;  but  this  is  not  the  case  with  variable 
£peed  engines,  such  as  the  automobile  class,  where  for  any  giv^i 
throttle  position  the  speed  and  flow  rate  mav  vary  most  widely. 
The  propeller  loaded  engine,  marine  or  aero,  falls  Mtween.  These 
facts  are  important,  because  in  the  first  group  there  would  be  some 
reason  for  associating  the  successive  action  of  the  separate  parts  of 
multiple  carburetors  with  the  throttle  because  of  the  flow-rate 
relation;  but  in  the  second  class  there  is  no  rational  basis  for  such  a 
control,  the  vacuum  as  a  direct  result  of  flow  rate  replacing  the 
throttle  in  validity.  In  fact,  no  matter  what  the  type  of  engine 
as  to  speed  and  load  variati(ms  vacuum  change  is  a  direct  function 
of  flow-rate  change,  and  is  a  more  rational  and  fundamental  actuat- 
ingmeans  than  the  throttle. 

The  cases  of  this  subclass  of  two  carburetors  brought  into  action 
successively  by  the  throttle  must  be  regarded  as  excluckd  from  appli- 
cation to  variable  speed  engines  where  speed  is  as  much  a  matter  of 
resisting  torcjue  as  of  throttle  position.  A  small  complete  carburetor, 
suitable  in  size  for  idling  with  the  throttle  closed,  associated  with 
a  larger  single  fixed  inlet  carburetor  for  normal  working,  the  idler 
remaining  in  action,  constitutes  one  special  form  of  this  double  carbu- 
letor  throttle,  and  is  controlled  is  illustrated  on  page  245.     (1,002,699, 
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Sept.  5,  1911,  Jouffret  &  Benee.)  This  can  be  regarded  as  some- 
wMt  more  legitimate  than  the  double  form  with  throttle  connected 
60  the  smaller  one  is  advanced,  shown  on  page  246.  (1,011,694,  Dec. 
12, 1911.  Winton.)  Two  independent  carburetors,  a  smaller  one  act- 
ing as  ioler  for  low  speed,  are  combined  in  such  a  way  that  the  outlet 
of  the  idler  is  led  to  a  separate  branched  header  within  the  main 
header  of  a  vertical  multicylinder  engine,  the  idler  branches  ending 
directly  at  the  inlet  valves  on  page  245.  (1,069,502,  Aug.  5,  1913, 
Wadsworth.)  The  object  of  this  is  to  prevent  the  dilution  of  the 
small  idling  charges  by  the  large  volume  of  whatever  ma^  be  in  the 
main  header,  and  yet  not  interfere  with  combined  action  ox  both  when 
conditions  are  favorable.  Closed  throttle  leaves  only  the  idler  in 
action ;  wide-open  throttle  permits  both  to  act. 

Subclaas  6£^  multiple  carburetor^  progressive  by  throttle. — Such 
cases  as  fall  under  this  class  are  the  same  as  the  last  except  as  to 
number  of  elements,  page  247  (759,624,  May  10,  1904,  MacMulkin), 
showing  five,  brought  into  action  successively  bv  the  rotation  of  a 
barrel  throttle  having  five  slots  of  different  length.  A  peculiar  form 
of  fuel  inlet  passage  is  here  shown,  consisting  of  small  slots  cut  in  a 
tapered  plug  screwed  down  ti]B[ht  on  a  tapered  seat.  Six  elements, 
each  with  one  fixed  fuel,  havmg  fixed  primary  and  secondary  air, 
with  a  rotating  plate  throttle,  are  shown  on  page  247.  (948,612, 
Feb.  8,  1910,  Krause.)  In  multiple  carburetors,  the  succession  of 
which  is  throttle  controlled,  speed  changes  may  build  up  flow  rates 
that  are  excessively  high  for  a  given  throttle  opening,  and  thereby 
bring  about  just  the  sort  of  undesirable  enrichment  that  the  mul- 
tiplicity i3  supposed  to  avoid.  To  avoid  this  a  vacuum-controlled 
choke  or  automatic  secondary  speed-governing  throttle  may  be  in- 
troduced, as  on  page  248.  (1,018,262,  Feb.  20,  1912,  Neal.)  Should 
the  engine  speed  l^ome  excessive  for  a  given  exposure  of  jets,  the 
spring-resisted  piston  valve  moves  across  the  mixture  outlet  and 
closes  it  enough  to  induce  the  vacuum  on,  and  hence  the  flow  through 
the  passages.  The  effect  is  similar  to  a  vacuum  control  of  succession. 
Three,  one  leading  above  the  throttle  and  the  second  with  an  accele- 
rating cup,  are  provided  on  pages  248  and  249  (1,158,589,  Nov.  2, 
1915,  Thurot),  but  involving  throttle-controlled  succession. 

Subclass  6J^  double  carburetor,  progressive  by  vacuum. — ^Vacuum 
being  a  more  rational  basis  than  throttle  movement  for  controlling 
succession,  this  class  is  more  interesting,  and  the  form  page  250 
(1,176,627,  Mar.  21, 1916,  Ver  Planck)  being  so  recent,  is  doubly  in- 
teresting as  an  illustration.  Here  two  fixed  fuel  inlets  are  each 
located  in  separate  venturi  throats  of  different  ^ze  and  fed  from 
overflow  types  of  level  cups,  the  overflow  from  one  feeding  the 
other.  The  smaller  acts  for  low-flow  rates,  and  can  evidently  be 
made  to  give  correct  proportions  for  at  least  one  rate.  When  the 
vacuum  exceeds  a  predetermined  value  a  check  valve  controlling  the 
outlet  of  the  second  opens  and  establishes  flow  through  the  larger 
passage,  which  has  a  second  venturi  throat,  the  vacuum  at  which  is 
imm^iately  brought  into  action  and  used  to  hold  the  check  valve 
from  chattering  by  a  pipe  connection  to  a  piston  attached  to  the 
check  valve.  Provision  for  hot  and  cold  air  and  a  multitubular  form 
of  mixer  are  also  provided.  At  some  higher  speed  or  flow  rate  the 
72806*— S.  Doc.  559. 64-2 16 
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proportions  can  evidently  be  made  correct  again,  but  the  proportion- 
ality in  the  intermediate  ranges  depends  on  the  characteristics  of  the 
form  of  each  single  carburetor  independently,. which  must  be  the 
same  as  for  those  of  class  3. 

Subclass  64j  multiple  carburetor^  progressive  by  vacurnn^ — As  the 
number  of  separate  complete  carburetors  is  increased,  the  proporticm- 
ality  can  be  made  quite  correct  at  a  larger  number  of  pointe  in  the 
flow  range,  and  this  is  the  object  of  the  cases  of  this  subclass,  with,  of 
course,  an  increase  in  complication  and  number  of  parts  as  an  offset 
Five  separate  Venturis,  with  single  fixed  air  and  fuel  passages  are 
provided  on  page  251  (871,320,  Nov.  19,  1907,  Bollee),  brought  into 
action  by  one  piston  valve  vacuum  actuated  against  its  spring.  Six 
fixed  fuel  inlets,  each  in  a  fixed  cylindrical  air  passage,  are  brought  in 
successively  by  the  vacuum  lift  of  a  series  of  differently  weighted  out- 
let check  valves,  gravity  loaded,  as  shown  on  page  252.  (1,072  J88, 
Sept.  9, 1913,  Kaltenbach.) 

To  cause  as  high  a  flow  rate  to  take  place  through  a  single  fixed 
passage  as  through  a  series  of  separate  passages  with  vacuum-con- 
trolled outlets  will  involve  a  very  much  greater  vacuum  at  the  outlet, 
and  therefore  reduce  the  absolute  pressure  at  which  the  engine  re- 
ceives its  charge,  with  corresponding  reduction  of  volumetric  effi- 
ciency and  power.  This  valuable  feature  of  such  a  series  of  passages, 
vacuum  controlled  at  their  outlets,  is  also  characteristic  of  all  that 
class  of  carburetors  that  have  automatic  air-inlet  valve  for  any  num- 
ber of  passages,  including  a  single  one,  so  these  have  something  in 
common  with  the  class  here  imder  discussion. 

Subclass  6.6 — Mixed  flow. — As  pointed  out  in  dealing  with  mixed 
flow  in  carburetors  with  a  single  fuel  inlet,  this  valuable  direct  com- 

?3nsation  is  applicable  to  arrangements  of  more  than  one  fuel  inlet, 
he  first  case  of  this  class,  that  on  page  253  (907,953,  Dec.  29,  1908, 
Bavery ) ,  provides  two  main  fuel  inlets,  both  at  the  same  point  in  the 
throat  of  an  air  venturi,  and  a  third  above  the  throttle.  One  of  the 
main  fuel  inlets  is  of  the  plain  type  that  in  a  fixed  air  passage  tends  to 
flow  excessively  fast  with  reference  to  the  air  at  increasing  flow  rates. 
The  other  compensates  by  its  mixed-flow  action  at  high  rates  and 
plain  flow  at  lower  rates,  being  fed  from  a  chamber  having  an 
atmospheric  vent  to  which  fuel  from  the  float  chamber  is  supplied 
through  a  calibrated  opening.  This  auxiliary  fuel  chamber  also 
has  a  tube  leading  to  the  thira  inlet  above  the  throttle  and  acts  in 
addition  as  an  accelerating  cup.  On  closed  throttle  there  is  no  flow 
through  either  of  the  mam  inlets  because  of  inadequate  air-throat 
vacuum,  the  accelerating  cup  is  full^  and  the  idling  jet  in  auction. 
Opening  of  the  throttle  throws  this  let  out  and  brings  in  both  the 
main  jets,  that  supplied  from  the  accelerating  cup  gradually  decreas- 
ing in  flow  as  the  fuel  head  supplied  to  it  falls  in  the  accelerating  cup 
and  faster  later  on  as  air  enters  as  well.  A  somewhat  similar  action 
results  with  the  slightly  different  structure  on  pages  253  and  254 
(998,123,  July  18,  1911,  Scaife),  which  also  has  three  fuel  inlets, 
one  above  the  throttle,  and  two  main,  which  merge  into  one  at  their 
tops.  An  accelerating  cup  feeds  the  idling  jet  and  the  second  main 
or  mixed-flow  jet,  but  instead  of  securing  its  fuel  directly  from  the 
float  chamber  the  fuel  passes  through  the  same  measuring  passage 
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as  supplies  the  main  jet.  Accordingly  there  is  a  possibility  that 
both  main  nozzles  may  act  as  mized-now  passages  at  nigh-flow  rates. 
On  page  254  (1,002,700,  Sept.  6,  1911,  Joffret  &  Renee)  there  are 
but  two  fuel  inlets,  one  main  and  one  idling  above  the  throttle,  the 
main  acting  as  a  mixed-flow  passage  at  high  rates.  This  is  also 
the  case  on  page  254  (1,063,148,  May  27,  1913,  Anderson),  but  in 
the  latter  case  the  idling  jet  is  fed  not  from  the  accelerating  cup 
but  from  a  separate^  connection  to  the  float  chamber.  The  feeding 
of  main  mixed-flow  iet  and  idling  jet  from  an  accelerating  cup  hav- 
ing a  single  float-chamber  connection,  is  illustrated  on  page  265 
(1,090,047,  Mar.  10,  1914,  Goudard  &  Muenesson),  and  a  case  of 
accelerating  cup  alternately  feeding  fuel  to  the  idlmg  jet  or  mixed- 
flow  air  to  the  main  jet  is  shown  on  page  265  (1,109,974,  Sept.  8, 
1914,  Fagard).  Incorporation  of  the  alternate-flow  passages  directly 
in  the  fuel  nozzle  is  shown  on  page  255  (1,170,348,  Feb.  1,  191o, 
Schiittler),  where  the  idling  jet  gets  fuel  from  the  same  calibrated 
float-chamber  orifice  as  feeds  the  main  jet  and  some  air  from  the  main 
jet  hole  on  closed  throttle.  On  open  throttle  the  flow  reverses;  at 
the  idling  end  of  the  nozzle  fuel  enters  the  main  air  at  the  Yenturi 
throat,  being  modified  by  air  received  from  the  idling  end  of  the 
nozzle,  escapmg  with  the  fuel.  A  similar  case  of  incorporation  of  all 
passages  in  a  sort  of  multiple-walled  and  orificed-f uel  nozzle  is  that 
on  pages  255  and  256  (1,170,416,  Feb.  1, 1916,  Claudel),  where  a  ver- 
tical nozzle  is  set  for  parallel  flow  in  a  bend  of  a  fixed  air  passage,  so 
that  at  various  heights  the  vacuum  is  different  and  by  reason  of  holes 
and  multiple  walls  a  compensating  mixed  flow  is  accomplished. 

One  main  and  one  idling  fuel  inlet  fed  from  a  single  connection 
to  the  float  chamber,  to  which  the  accelerating  cup  is  also  attached, 
is  shown  on  page  256  (1,175,636,  Mar.  14,  1916,  Ix)nguemare),  the 
fuel-measuring  orifice  being  located  before  the  whole.  Here  the 
accelerating  cup  alternately  acts  as  auxiliary  fuel  feed,  on  opening 
the  throttle,  and  as  mixed-flow  air  passage,  to  correct  the  excess-flow 
tendencies  of  the  main  jet  at  high  rates.  A  case  of  incorporation  of 
the  two  fuel  passages  and  a  mixed  flow  in  the  fuel  valve  stem  is 
shown  on  page  256  (1,183,019,  May  16.  1916,  McGuire),  where  the 
lower  and  manually  adjustable  fuel  inlet  serves  for  low  flow  rates 
and  the  higher  one  is  brought  into  action  at  higher  rates,  with  mixed- 
flow  compensation  from  the  hole  through  the  stem  fitted  with  an 
adjusting  valve. 

Stibclass  6,6^  fuel  standpipe. — ^The  bringing  into  action  of  succes- 
sively higher  fixed  fuel  inlets  as  the  vacuum  increases,  associated  with 
more  than  one  fixed  air  inlet,  without  mixed  flow,  is  another  means 
of  compensation  already  examined  for  single  air  inlets.  On  pases 
257  and  258  (927,211,  July  6, 1909,  Bennett),  a  single  fuel  standpipe 
has  a  vertical  row  of  perforations  and  is  open  at  the  top  to  the  atmos- 
phere. At  low  flow  rates  only  the  lower  fuel  holes  act,  all  the  rest 
feeding  air  into  the  main  stream,  but  at  high  rates  the  fuel  issues 
from  more  and  higher  holes  and  from  lower  holes  at  higher  rates, 
because  of  the  head  increase.  The  free  top  air  acts  as  a  compensator 
to  sonoie  degree,  because  without  it  the  fuel  would  certainly  rise 
higher  and  flow  faster. 
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CloM  7 — Carburetors^  proportuming  fLow^  aapiratmg^  single  fixed 
fuel  inXety  single  cdr  ifUei  unth  reguUUing  valve. — ^This  is  the  first  of 
the  classes  in  which  compensation  by  changing  the  flow  areas  them- 
selves is  employed,  instead  of  relying  on  variations  in  fuel  flow  head 
with  fixed  passages,  or  on  the  number  of  such  fixed  inlets  brought  into 
action  at  different  now  rates  by  reason  of  their  location  or  disposition. 
In  this  particular  subclass  the  fuel  inlet  is  single  and  fixed  and  the 
air  inlet  is  varied  in  such  a  wa^  as  to  control  the  air  entrance  resist- 
ance and  its  velocity  at  the  fuel  inlet,  bo  that  the  vacuum  at  that  point 
shall  be  just  sufficient  to  induce  ar  fuel  flow  in  constant  proportion  to 
the  air.  This  vacuum  should,  of  course,  be  less,  other  things  being 
equal,  than  what  it  would  be  with  a  fixed  unvarjang  nonregulated  air 
imet.  Each  of  the  typical  groups  of  forms  or  means  of  actuation  of 
the  air  inlet  regulating  valve  constitutes  a  subclass,  but  certain  cases 
overlapping  as  to  sul^lasses  or  not  directly  falling  in  any  one  are 
grouped  under  the  general  class  heading. 

One  example  of  this  is  the  arrangement  on  page  264  (864,111, 
Aug.  20,  1907,  Sickles),  where  an  externally  driven  fan  draws  air 
through  the  carburetor  and  delivers  a  mixture  at  a  pressure  greater 
than  atmosphere,  which  should  yield  an  increased  power  output,  the 
air  entering  through  an  inlet  valve  controlled  by  an  outlet  throttle, 
not  a  primary  control  for  variable  speed  engines.  Another  such 
double  featured  case  is  that  on  page  246  (911,692,  Feb.  9,  1909,  An- 
drew), wheiis  the  air  is  drawn  through  a  multiported  automatic  pis- 
ton valve,  passing  the  fuel  inlet  by  way  of  an  automatically  adjust- 
ing air  throat,  which  for  low  rate  flows  sends  all  the  air  across  the 
fuel  inlet  and  for  high  flow  rates  by-passes  some  as  a  compensation. 
Another  more  pronounced  automatically  variable  throat  to  nozzle  re- 
lation, with  high  flow  rate  by-pass  of  air  previously  admitted  through 
a  throttle-controlled  air  valve,  is  that  on  pages  264  and  265.  (936^833^ 
Oct.  5, 1909,  Bassford.)  A  sort  of  combination  of  automatic  air  inlet 
and  one  that  is  throttle  controlled  is  that  on  page  265  (1,062,688,  May 
27,  1913,  Bastian),  where  the  air  enters  through  an  automatic  valve 
resisted  by  the  throttle  cam,  and  another  such  is  that  on  page  265- 
(1,101,736,  June  30,  1914,  Gillett),  having  an  automatic  swing  type 
of  valve  within  the  body  of  a  pluff  valve  that  is  a  combined  throttle 
and  throttle-controlled  air  inlet,  the  automatic  controlling  the  direc-^ 
don  of  the  air  that  has  entered,  and  its  velocity  at  the  fuel  inlet. 

Subclass  7.1 — Fieel  inlet  between  throttle-controlled  air  valve  and 
throttle. — ^The  direct  object  of  this  plan  is  adjustment  of  air-entrance 
resistance  so  that  the  vacuum  at  the  fuel  inlet  shall  be  maintained 
proper  for  constantly  proportionate  flow,  a  simple  and  practical  sort 
of  adjustment  but  not  appropriately  connected  to  a  throttle  for 
variable  speed  engines  because  of  the  complete  lack  of  dependence 
of  flow  rate  on  throttle  position  in  this  case,  however  much  closer  the 
relation  may  be  for  engines  of  the  constant-speed  class. 

On  page  266  (771,492,  Oct.  4,  1904,  Parmenter),  a  fuel  inlet— in 
fact,  a  pair  of  them— is  located  between  a  pair  of  damper  valves. 
locked  together,  one  acting  as  air  inlet  and  the  other  as  throttle^  the 
Ihikage  being  adjustable  to  control  to  a  limited  degree  th^ir  relative 
rate  of  movement,  which  must  be  properly  graduated.  On  page  267 
(789,749,  May  16,  1905,  Maxwell),  the  plug  valve,  with  one  edge 
acting  as  air  valve  and  the  other  as  throttle,  has  the  inlet  in  the 
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middle  between  them,  an  arrangement  that  limits  the  adjustment  and 
graduation  of  relative  movement.  A  cylindrical  chamber  with  an 
adjustable  air  inlet  in  one  end  and  a  slot  in  its  side  acts  by  rotation 
as  both  air  valve  and  throttle,  the  fuel  inlet  being^  between,  as  shown 
on  pa^e  267.  (794.927,  July  18, 1905,Cashman&Cushman.)  A  slid- 
ing air  valve  linkea  to  a  damper  throttle,  pages  267  and  268  (932,465, 
Aug.  31, 1909,  Haas),  is  fitted  with  a  hollow-stem  needle-valved  fuel 
inlet  between  them,  the  hollow  stem  acting  as  a  lifting  tube  for  low- 
flow  rates  as  its  upper  end  communicates  with  a  passage  above  the 
throttle.  Another  such  lifting  tube  with  an  accelerating  cup  is 
shown  in  the  combined  air  inlet  and  throttle  plug  type  on  page  268 
(1,006,387,  Oct.  17, 1911,  Kreis,  jr.) 

A  slide  valve,  acting  as  throttle  and  air  valve,*  is  shown  on  page 
269  (1,062,3^3,  May  20,  1913,  Higsins),  the  relative  adjustment  of 
their  two  areas  beinjg  accomplished  by  varying  the  lateral  width  of 
one  port  of  the^  air  mlet  ana  using  another  port  unmodified,  which 
closes  as  the  adjusted  (me  opens  under  the  longitudinal  movement  of 
the  slide  as  it  closes  the  throttle.  A  great  variety  of  such  linkages 
is  found,  showing  a  more  or  less  keen  appreciation  of  the  importance 
of  the  proper  relative  adjustment  with  reference  to  the  tlirottle,  both 
for  slide  valves,  balancea  piston  and  poppet  valves,  and  dampers  of 
all  sorts,  some  of  them  involving  the  use  of  cams.  In  the  form  page 
269  (1,095,101,  Apr.  28, 1914,  Gardner)  a  pair  of  cam  grooves  cause 
a  disk  air  valve  and  a  similar  throttle  to  move  axially  in  opposite 
directions  with  reference  to  a  tapered  air  throat,  around  wMch  a 
series  of  fuel  inlets  is  disposed.  One  of  the  most  recent  of  these  cases 
applies  the  pair  of  linked  dampers  of  figure  140  to  a  triple  inlet^ 
one  for  gasoline,  one  for  kerosene,  and  one  for  water,  similarly  dis- 
posed and  each  with  its  own  level  chamber,  as  shown  on  page  270. 
(1,150,202,  Aug.  17,  1915,  Johnston  &  Longenecker.)  The  iise  of  a 
aouble-tapered  sleeve,  with  two  contractions  moving  in  a  cylindrical 
shell  past  a  solid  plug,  and  a  central  f  uel-inlei  plug,  as  combined 
air  imet  and  throttle,  is  shown  on  page  270  (1,151,286,  Aug.  24, 
1915,  Bowell),  the  relative  area  changes  being  accomplished  by  the 
shape  angle  or  curvature  of  the  tapers  of  the  two  plugs  with  refer- 
ence to  their  matching  annular  sleeves. 

Subclass  7£ — fuel  irdet  at  or  hefore  (wr  valve  which  acts  as 
throttle. — ^Placing  the  fuel  inlet  jet  at  or  before  the  air  inlet  orifice 
relieves  it  of  practically  all  the  vacuum  due  to  entrance  resistance, 
and  makes  fuel  flow  depend  solely,  or  substantially  so,  on  variations 
of  air  velocity  past  it,  as  such  velocitv  produces  a  pressure  depres- 
sion equivalent  to  the  air  velocity  head.  In  such  a  case  the  air  valve 
is  itself  the  throttle.  Of  course  air  velocity  has  no  prime  relaticm 
to  the  throttle  or  air  valve  opening  except  for  constant  speed  engines, 
so  as  in  other  cases  where  the  throttle  is  the  means  of  actuating 
whatever  air  or  fuel  regulating  valves  may  be  used,  the  applicaticm 
is  of  lesser  if  of  anj  value  whatever,  to  variable-speed  engmes.  A 
balanced  form  of  air  valve,  acting  as  throttle  and  so  formed  as  to 
keep  the  air  flow  concentrated  pa^  the  fuel  nozzle  which  is  located 
in  m)nt  in  a  region  of  practically  no  vacuum  except  that  due  to  air 
velocity,  is  shown  on  pace  271.  (815,712,  Mar.  20,  1906,  Johnston.) 
The  valve  is  a  piston  with  a  taperod  central  hole  in  which  the  nozzle 
stands,  and  with  radial  ports  throughout  its  length.    It  moves  in  a 
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cylindrical  partition  between  the  air  supply  and  the  mixing  chamber. 
It  keeps  the  air  flow  moving  across  the  jet,  at  first  almost  entirely 
radially  and  later  part  radially  and  part  longitudinally.  In  the 
form,  pa^e  271  (816,846,  Apr.  8,  1906,  Charron  &  Girardot),  the 
fuel  inlet  is  located  just  below  the  plane  of  action  of  an  iris  throttle, 
similar  to  the  photographic  shutter.  A  pair  of  oppositely  movinjg 
slides  with  the  fuel  valve  located  midway  in  their  plane  or  action  is 
shown  on  page  272.  (868,261,  Oct.  15,  1907,  BoUee.)  A  single 
damper,  arranged  with  a  fuel  inlet  at  one  side  of  the  passage,  is 
made  to  serve  as  on  page  273  (1,080,118,  Dec.  2,  1913,  Monosmith), 
and  the  same  thing  with  the  damper  bent  and  used  with  one  water 
and  one  fuel  inlet  differently  situated  so  the  fuel  flow  has  a  lead  on 
that  of  the  water,  is  shown  on  page  273.  (1,108,181,  Aug.  25,  1914,- 
Kane.)  Use  of  a  helical  spring,  the  coils  of  which  may  touch  or  on 
extension  be  drawn  apart,  is  used  as  both  air  inlet  and  throttle  valve, 
as  shown  on  page  274  (1,117,238,  Nov.  17,  1914,  Parker),  the  fuel 
inlet  being  inside  the  coil,  and  the  lower  portion  serving  as  air  inlet 
and  the  upper  part  as  throttle.  A  pair  of  cams  geared  together 
with  the  fuel  inlet  midway  is  shown  on  page  274.  (1,143,227,  June 
16, 1915,  Prescott.) 

Subclass  7JS — Fuel  inlet  between  automatic  air  valve  and  throt- 
tle.— ^Air  entering  through  an  automatic  air  valve  will  not  produce 
as  great  an  increase  in  entrance  resistance  or  in  static  mixing  cham- 
ber vacuum  with  increase  of  flow  as  if  it  entered  through  a  fixed 
inlet,  and  this  not  only  tends  to  produce  a  higher  density  of  charge 
than  is  otherwise  possible  but  it  may  be  used  as  a  means  of  compen- 
sation for  correcting  proportions.  Of  course,  velocity  head  vacuum 
at  the  fuel  inlet  is  the  same  with  automatic  valved  as  with  fixed  in- 
lets, so  whatever  compensating  effect  is  produced  must  be  through 
a  modification  of  the  entrance  resistance.  The  wa^  in  which  the 
entrance  resistance  varies  with  flow  depends  primarily  on  the  form 
of  the  automatic  valve  and  on  its  manner  of  loading. 

A  spring-loaded  piston  type  of  automatic  air  inlet  is  shown  on 
page  276  (759,396,  May  10,  1904,  Eutenber),  the  air  passing  down 
and  impinging  on  a  plate  surrounding  the  fuel  inlet  and  musnroom- 
ing  sideways,  so  whatever  velocity  head  vacuum  there  is  will  probably 
be  negative,  though  small,  and  fuel  flow  is  controlled  primarily  by 
the  vacuum  produced  by  the  valve,  which  will  be  determined  by  the 
spring  and  the  shape  or  the  ports.  On  page  275  (794,502,  Jidy  11, 
1905,  Hennebutte),  air  enters  through  an  annular  check- valve  spring 
loaded,  passes  downward,  sweeping  at  the  bottom  a  two-ported 
fuel  inlet  on  which  it  exerts  some  positive  velocity  head  effect,  and 
a  hand-adjusted  by-pass  permits  this  to  be  least  manually  controlled. 
Mixing  baffles  are  also  employed  beyond  the  jet.  A  swing  check- 
valve  spring  loaded  is  illustrated  on  page  275  (796,728,  Aug.  8, 
1905.  Hewitt),  with  the  fuel  inlet  in  the  center  of  a  straight  cylindri- 
cal cnamber.  A  similar  spring-loaded  swing  check  that  does  not  com- 
pletely close  the  inlet  and  therefore  exerts  no  entrance  resistance  at 
very  low  flow  rates  is  shown  on  pages  275  and  276.  (806,434,  Dec.  5, 
1905,  Schebler.)  The  air  flows  downward  to  a  bend  into  which  the 
fuel  nozzle  projects,  the  air  velocity  head  acting  negatively  but  uncer- 
tainly because  of  the  eddy  currents  and  initial  direction  given  to  the 
air  by  the  spring  valve.    Another  swing  check,  itself  a  spring,  and 
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arranged  in  a  straight  passage  to  deflect  the  air  away  from  the 
fuel  inlet  at  first  and  then  as  flow  increases  allowing  the  air  to  sweep 
the  fuel  inlet,  is  shown  on  page  276  (881,547,  Sept.  25,  1906,  Dun- 
lop  &  Dunlop),  so  that  at  low-flow  rates  the  vacuum  is  all  due  to 
entrance  resistance,  but  at  high  rate,  as  this  increases  but  little  with 
such  a  valve,  the  air  velocity  head  vacuiun  is  brought  into  action  to 
induce  sufficient  flow.  Another  attempt  to  secure  velocity  head  con- 
trol by  form  is  shown  on  page  276  (947,712,  Jan.  25j  1910,  Hen- 
ricks),  which  places  the  jet  in  a  bend  supplied  with  air  through  a 
spring  check  with  a  fixed  by-pass.  Four  fuel  inlets,  similarly 
placed  and  swept  by  the  air  from  a  single  spring  air  check,  are 
shown  on  page  277  (986,700,  Mar.  14,  1911,  Fogel),  the  four  actmg, 
so  far  as  proportionality  is  concerned,  no  differently  than  one. 
While  designed  primarily  to  operate  on  compressed  air,  the  form 
shown  on  page  278  (1,039,229,  Sept.  24,  1912,  Walker)  is  especially 
well  adapted  to  air  at  atmospheric  pressure  and  will  have  the  same 
proportionality  characteristics  with  reference  to  flow,  whatever  the 
air  pressure,  except,  of  course,  as  density  changes  may  enter  as 
variables.  The  supply  air  acting  directly  on  the  free  fuel  surface 
before  passing  the  spring-loadea  air  valve  produces  a  differential 
pressure  that  will  result  in  fuel  flow  even  without  the  location  of 
the  jet  in  an  air  throat  as  shown.  Of  course,  this  arrangement 
naturally  tends  toward  enrichment.  A  graduated  series  of  five  an- 
nular air  checks  is  shown  on  page  276  (^1,124,918,  Jan.  12,  1915, 
Krause)  to  build  up  sufficient  vacuum  witn  flow  increase  to  secure 
correct  proportioning  at  at  least  as  many  points  as  there  are  rings 
for  steady  flow. 

Subclass  74, — fuel  inlet  swept  hy  air  entermg  through  automatic 
valve, — ^Unless  the  seating  resistance  of  automatic  air  inlet  valves 
increases  with  the  flow  rate  as  they  open,  the  entrance  resistance  will 
not  produce  a  sufficient  vacuum  at  the  fuel  inlet  to  draw  in  a  propor- 
tionate amount  of  fuel,  and  in  such  cases  there  must  be  a  resoit  to 
velocity  head  assistance.    Therefore,  when  the  fuel  inlet  is  beyond 
the  automatic  air  valve  there  must  be  a  properly  graduated  increas- 
ing air  valve  seating  load  or  a  graduated  air  velocity  head  action  at 
the  jet  or  both.    If  the  fuel  iiuet  be  located  in  the  opening  of  the 
automatic  air  valve  so  as  to  get  only  velocity  head  vacuum  and  no 
entrance  resistance  vacuum,  then  as  a  fixed  opening  builds  up  vacuum 
too  fast  for  proportionate  fuel  flow,  a  yielding  automatic  valve  may 
be  a  proper  compensator,  but  it  likewise  must  have  a  variable  load 
because  otherwise  the  velocity  would  not  increase  at  all  as  the  open- 
ing and  the  flow  increased.    Therefore  the  question  of  location  ox  the 
fuel  inlet  with  reference  to  the  entering  air  stream  is  intimately  bound 
up  with  that  of  automatic  air  valve  loading,  and  the  cases  of  this  sub- 
class are  concerned  primarily  with  locations  of  fuel  inlet  that  will  be 
swept  by  the  entering  air  and  be  influenced  by  its  velocity  head  to  a 
considerable  degree,  being  correspondingly  less  dependent  on  the 
valve  loading  alone. 

On  page  279  (783,902,  Feb.  28,  1905,  Shipman)  the  automatic 
valve  is  a  spring  loaded  check  form,  directing  all  the  air  across  tlie 
fuel  inlet  which  receives  none  of  the  entrance  resistance  vacuum, 
being  located  constantly  at  the  variable  throat  of  a  rectangular  ven* 
turi.    A  precisely  similar  effect  in  a  round  annular  venturi  is  pro^ 
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duced  by  the  spring  loaded  core  acting  as  an  air  valve,  but  not  seat- 
ing tight,  on  page  279.  (799,282,  Sept.  12, 1905,  Gosse.)  A  series  of 
swin^  checks  are  used  on  pa^es  279  and  280  (800,647,  Oct.  8,  1905, 
Hatcner) ,  the  fuel  inlet  being  mside  when  the  valves  are  closed  and  at 
the  throat  or  outside  of  it  when  they  are  open.  ^  A  fixed  circular  row  of 
fuel  inlets  is  located  within  a  lifting  ring,  acting  as  a  gravity  loaded 
automatic  air  valve  on  page  280  (859,719,  July  9,  1907,  Anderson), 
and  always  outside  as  soon  as  the  valve  lifts.  Quite  the  same  arrange- 
ment, but  with  a  spring  loaded  annular  air  valve  is  shown  on  page 
280.  (875,716,  Jan.  7, 1908,  Longuemare.)  Two  air  streams  acting 
as  one,  one  fixed  and  the  other  entering  through  an  annular  gravity 
loaded  automatic  valve,  are  both  directed  by  walls  across  the  jet, 
which  is  slightly  inside,  on  page  280.  (916,108,  Mar.  28,  1909,  Cart- 
wright.)  A  long  taper  check  valve  in  a  similar  long  taper  seat  rises 
very  steadily  with  now  increase  and  keeps  a  substantially  constant 
vacuum,  as  shown  on  page  281.  (924,200,  June  8, 1909,  Stewart.)  A 
spring  loaded  piston  operated  gate  valve  is  shown  on  page  282  (928,- 
828,  July  20,  1909,  Winton) ,  working  across  the  air  passage  in  the 
plane  of  the  fuel  inlet  which  is  therefore  always  at  the  most  re- 
stricted and  highest  velocity  point.  The  vacuum  above  the  throttle 
is  used  to  depress  or  close  the  valve.  A  peculiar  form  of  swing  check 
directing  part  of  the  air  toward  the  ]et  and  part  around  it  as  it 
opens  is  illustrated  on  page  288.     (978,877,  Oct.  25, 1910,  Pierce.) 

In  figure  174  (1,000,898,  Aug.  15,  1911,  Gentle)  the  spring-loaded 
check  Ufts  the  fuel  inlet  past  a  baffle  to  keep  it  always  in  uie  high 
velocity  current,  and  a  second  swinging  mixture  check  helps  to  con- 
trol the  direction.  A  somewhat  similar  idea  underlies  the  different 
construction  on  pa^  288  (1,042,982,  Oct.  29,  1912,  Sliger),  where  a 
fixed  central  air  jet  is  also  an  automatic  spring-loaded  air  valve^  both 
streams  being  directed  across  the  fuel  inlet.  Use  of  fuel  inlets  in  the 
walls  of  a  venturi  throat  with  a  tapered  central  plug,  tending  to 
keep  the  throat  velocity  constant,  is  shown  on  page  283  (1,052,051, 
Feb.  4,  1918,  Grimes),  as  a  means  of  compensation  for  the  enrich- 
ment tendency  that  is  natural  for  such  free  throats  where  the  velocity 
regularly  increases  with  flow.  Of  course,  the  satisfaction  depends  on 
the  degree  to  which  the  compensation  can  be  carried  even  though 
qualitatively  the  action  may  be  in  the  right  direction.  The  spring 
load  of  the  plug  acts  counter  to  gravity.  A  pair  of  cam-operated 
gates,  vacuum  controlled,  keeps  the  jet  always  in  the  entering  stream 
and  makes  possible  any  sort  of  rate  control  on  the  opening,  and 
hence  of  the  velocity  through  it  as  flow  increases,  according  to  the 
construction  on  page  284  (1,098,901,  Apr.  21,  1914,  Wyman),  of  a 
tapered  plug  in  a  venturi  throat,  with  a  light  spring  load  added 
to  the  gravity  lead,  is  arranged  to  concentrate  the  air  flow  at,  of 
course,  increasing  velocities  with  flow  increases,  across  an  annular 
feed  inlet,  the  flow  from  which  must  follow  the  capillary  law, 
because  of  filling  the  fuel  passage  with  fibrous  material  in  the  form 
shown  on  page  285.  (1,140,000,  May  18, 1915,  Rubetsky. )  This  is  an 
example  of  tne  effort  to  control  the  fuel-flow  law,  while  imposing  a 
flow  vacuum  varying  with  flow  in  a  manner  prescribed  by  trie  other 
structural  arrangements  and  dimensions.  Comparatively  recent  form 
of  moving  venturi  throat,  acting  as  an  automatic  air  inlet  gravity 
loaded,  is  shown  on  page  286  (1,148,247,  July  27, 1915,  Moore),  and 
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another  with  a  sfpring  load,  having  also  a  linkage  connection  to  an 
air  damper  on  page  286  (1,184,873,  May  80, 1916,  llaymond). 

Subctasa  7£^  variable  fioat'chamber  pressure. — ^Use  of  a  variable 
float-chamber  pressure  in  connection  with  a  regulating  aiir  inlet  valve 
is  practically  equivalent  to  the  use  of  two  compensators  at  once. 
There  are  not  many  of  such,  and  only  one  will  be  used  for  illustration, 
that  on  page  287.  (1,167,467,  Jan.  11. 1916,  Wickersham.)  This  has 
an  air  valve,  throttle  controlled,  which  as  pointed  out,  is  not  a 
primary  connection  for  flow  control  with  variable  speed  engines, 
as  the  ruel-flow  vacuum  is  as  much  fixed  by  speed  as  by  throat  posi- 
tion, and  in  this  case  the  float  chamber  pressure  is  reduced  lii^Iow 
atmosphere  by  a  connection  to  the  mixing  chamber  as  a  corrector 
of  excessive  fuel  flow  for  high  vacuum. 

Clc^s  8 — Carburetors^  proportiordng  -flow^  aspirating ^  single  fixed 
fuel  inletj  multiple  air  irUets  valved  for  regulation^ — It  is  the  general 
opinion  that  the  first  systematic  attack  on  a  large  scale  of  the  prob- 
lem of  conipensation  in  carburetors  followed  the  lines  of  this  class, 
compensation  by  admission  of  secondary  air,  so  the  class  is  one 
of  peculiar  interest  on  that  accoimt  For  a  considerable  period  this 
sort  of  compensation  was  the  standard  and  in  fact  about  the  only 
thing  in  use;  and  being  successful,  comparatively  speaking,  much 
attention  was  devoted  to  devising  more  and  more  varied  details  of 
apparatus,  resulting  in  a  pretty  large  class.  It  may  be  said  that  the 
Imiitations  of  mechanical  ingenuity,  in  view  of  the  process  character- 
istics, have  only  recently  been  recognized,  and  the  class  as  a  class  no 
lon&fer  is  regarded  as  the  onjy  or  even  an  adequate  solution  of  the 
problem. 

Of  course,  there  may  be  mixed  flow  or  other  means  of  conipensation 
associated  with  these  multiple  variable  air  and  single  nxed  fuel 
inlets,  but  these  double  compensations  are  exceptions  to  the  standard 
arrangement  of  the  class,  which  is  that  of  a  fixed  primary  air  supply 
passing  the  fixed  fuel  jet,  to  which  is  added  a  variable  secondary  air. 

Whue,  according  to  the  definition  of  the  class  there  may  be  more 
than  two  air  inlets,  it  will  be  found  that  in  nearly  all  cases  the  mul- 
tiplicity is  equivalent  in  effect  to  two,  one  acting  as  primary  and  the 
otner  as  secondary.  The  subclasses  are  characterized  by  the  differ- 
ent combinations  of  commonly  used  means  of  control  of  the  regu- 
lating air  valve  and  by  the  number  of  such,  with  one  exception,  the 
last  subclass,  which  includes  any  sort  of  control  of  the  regulating  air 
valve,  provided  it  is  associated  with  the  mixed  flow  sort  of  com- 
pensation. 

Those  cases  that  do  not  clearly  fall  under  the  subclass  headings,  or 
that  might  with  equal  propriety  fall  under  more  than  one  of  them, 
are  grouped  under  the  general  class  number  and  will  be  examinea 
first  The  general  idea  is  that  a  properly  regulated  secondary  air 
inlet  will  by  dilution  compensate  for  the  natural  tendency  of  a  fixed 
fuel  inlet  in  a  fixed  air  passage  to  become  over  rich  on  increased  flow. 
The  problem  is  to  evolve  such  a  control  of  the  secondary  air  that  as 
the  total  flow  rate  increases  the  ratio  of  secondary  to  primary  air 
shall  also  increase  and  in  just  the  right  amount. 

An  early  case  of  special  control  of  the  variable  part  of  the  air  is 
that  on  page  298  (751,434,  Feb.  2,  1904,  Napier  &  Kowlidge),  one  of 
the  first  of  the  automobile  group  of  patents.    The  idea  here  is  control 
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of  secondary  air  with  engine  speed  to  compensate  for  the  increased 
richness  tendency,  and  a  diaphragm  operates  on  an  air-sleeve  valve. 
The  diaphragm  actuating  pressure  developed  by  a  direct  connected 
pump,  which  pressure  should  rise  with  speed.  Of  course,  difficulty 
results  where  the  engine  speed  varies  without  any  change  in  fud 
reouirements,  due  to  a  variaole  resisting  torgue. 

One  of  the  early  cases  of  multiplicity  of  air  inlets  of  the  mixed  sort 
is  that  on  pages  298  and  299  (828,228,  Aug.  7, 1906,  Menns  &  Menus), 
in  which  all  the  air  first  enters  through  an  automatic  air  valve  pro- 
vided with  a  liquid  dash  pot,  and  then  divides  into  three  streams,  two 
of  them  fixed  in  area  crossing  the  fuel  nozzle,  and  therefore  acting  as 
a  single  primary  air,  while  the  third  varies  with  the  throttle  and  acts 
as  a  sort  of  secondary,  being  not  far  enough  beyond  the  nozzle  to  be 
a  pure  secondary.  Another  mixed  case  is  that  on  pa^e  299  (920,642, 
MsLj  4,  1909,  Pf ander) ,  where,  although  the  secondary  air  is  cor- 
rectly located  to  act  as  such,  it  enters  through  two  ports,  one  con- 
trolled directly  by  the  throttle  and  the  other  automatic  This  case 
also  illustrates  the  idea  of  the  warming  jacket  for  the  mixing  cham- 
ber. Similarly  mixed  is  the  case  on  page  299  (929,260,  July  27, 1909, 
Stevens),  which  provides  besides,  the  fixed  primary  air,  two  auto- 
matic secondary  air  inlets,  both  annular  and  concentric  with  the 
nozzle.  Two  fixed  air  inlets,  one  directed  directly  across  the  jet  and 
the  other  surrounding  it,  both  acting  as  primary  air  but  to  different 
degrees,  with  a  throttle  controlled  secondary  air,  is  the  combination 
illustrated  on  page  299  (970,916,  Sept.  20, 1910,  Gerken). 

Location  of  the  secondary  automatic  air  valve  beyond  the  throttle 
is  shown  on  page  300  (1,001,969,  Apr.  29,  1911,  Maynard),  where  a 
fixed  fuel  and  air  inlet  discharge  their  mixture  through  a  check  valve 
into  the  body  of  a  cylindrical  throttle  beyond  which  the  secondary 
air  enters.  Combination  of  compensation  by  throttle-controUed  sec- 
ondary air  and  by  movable  throat  with  reference  to  a  fixed  nozde,  is 
illustrated  on  page  300.     ( 1,019,128,  Mar.  5, 1912,  Bulock. ) 

Double  compensation  of  another  sort  is  used  in  the  construction 
shown  on  pages  300  and  301.  (1,020,059,  Mar.  12, 1912^  Schulz.)  An 
opening  from  the  top  of  the  float  chamber  to  the  mixing  chamber  is 
constantly  in  action  and  another  opening  from  the  float  chamber  to 
the  atmosphere,  is  clased  by  the  stem  of  the  automatic  secondary  air 
valve  when  that  is  closed,  and  opens  with  it.  Accordingly  the  start- 
ing or  low-flow  rate  takes  place  with  subatmospheric  pressure  in  the 
float  chamber  and  this  lasts  imtil  the  secondary  air  valve  opens,  at 
which  time  the  float  chamber  pressure  builds  up,  increasing  the  luel 
flow  as  does  the  nozzle  throat  vacuum  with  air  flow,  and  the  sec- 
ondary air  as  well. 

A  case  of  combined  throttle  and  automatic  control  of  the  air  is 
shown  on  page  301  (1,073,473,  Sept.  16,  1913,  Claudel),  in  which 
there  are  three  air  ports,  one  secondary  and  two  primary,  and  of  the 
latter  one  is  fixed,  while  the  other  varies  with  the  throttle,  as  does  the 
secondary.  The  air  for  both  of  the  throttle-controlled  ports,  one 
primary  and  one  secondary,  enters  through  an  automatic  valve.  One 
odd  case  is  that  on  pase  301  (1,099,086,  June  2,  1914,  Hamilton), 
which  illustrates  not  only  an  unusual  air-inlet  arrangement,  but  also 
the  use  of  a  burner  for  heat  in  combination  with  a  proportioning 
flow  carburetor.    An  oil-burner  chamber  with  a  pilot  and  a  main  jet, 
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is  attached  to  the  side  of  the  carburetor  and  has  itself  two  air  inlets, 
one  fixed  and  the  other  automatic.  The  main  air  for  the  engine  fuel 
enters  through  an  automatic  valve  and  the  mixture  made  by  it  passes 
through  a  nest  of  flame-heated  tubes,  together  with  the  products  of 
combustion  of  the  burner,  which  carry  excess  air.  The  carburetor 
throttle  controls  the  main  burner  jet,  and  compensation  of  propor- 
tions is  expected  from  the  tilting  of  the  automobile  carrying  the  de- 
vice, uphill  position  increasing  the  fuel-flow  head.  It  must  be  ad- 
mitted that  the  interesting  feature  of  this  combination  is  rather  its 
suggestiveness  than  its  practical  value. 

Automatic  valve  control  of  primary  air  with  a  fixed  secondary, 
the  reverse  of  the  usual  arrangement,  is  shown  on  page  302 
(1,104,762,  July  28, 1914,  Ahlberg),  in  which  there  is  also  illustrated 
the  piston  type  of  control  of  the  automatic  valve,  spring  loaded,  and 
acted  on  by  the  vacuum  at  any  selected  point  of  the  system,  as  well 
as  the  entraining  idea  of  a  jet  and  throat  to  induce  a  secondary  air 
flow  by  that  of  the  primary.  A  water  nozzle  is  also  shown  beside 
that  for  fuel. 

Another  imusual  sort  of  thing  is  that  on  pagje  302  (1,119,757, 
Dec.  1,  1914,  Kings.)  Here  the  primary  air  inlet  is  fixed  and  leads 
through  a  multiplicity  of  crossing  passages,  in  the  course  of  which 
the  fuel  is  met  and  carried  along,  being  thereby  subjected  to  a  spray- 
ing action  before  meeting  the  automatic  secondary  air.  The  action 
of  the  primary  air  and  fuel  passages  is  much  the  same  as  in  the 
spray  nozzles  of  some  direct  injection  heavy  oil  engines.  A  similar 
use  of  one  of  the  air  inlets  for  spraying  purposes,  but  in  a  different 
way,  is  shown  on  page  802  (1,127,992,  Feb.  9,  1915,  Hartshorn), 
where  three  air  inlets  are  provided,  a  small  fixed  primary  spraying 
stream  entering  a  tubular  jacket  surrounding  the  nozzle,  a  main 

!)rimary  air  inlet  passing  the  nozzle,  and  a  secondary  air  beyond  the 
ast  two,  both  entering  through  automatic  valves  of  different  size 
and  which  may  be  different  loaded.  Still  another  case  of  a  spraying 
air  stream  is  that  on  page  308  (1,123,955.  Jan.  5,  1915,  Tice),  ap- 
plied to  a  carburetor  or  the  sort  in  which  tne  main  air  valve  becomes 
the  throttle  and  the  float-chamber  pressure  is  equalized  with  that 
at  a  selected  point  of  the  vacuum  chamber  for  compensation.  Here 
the  spraying  air  inlet  is  fixed  within  the  fuel  nozzle  and  its  size 
such  as  is  proper  to  admit  all  the  air  needed  for  idling  when  acted 
on  by  the  full  vacuum  due  to  a  closed  throttle,  or  in  this  case  air- 
inlet  valve.  Here  the  main  idea  is  spraying  and  vaporization  in- 
stead of  proportionality  compensation,  which,  by  reason  of  the 
limits  of  the  critical  air-veJocity  law,  appears  to  be  difficult,  if  not 
quite  impossible.  In  accordance  with  this  law  the  air  flow  fails  to 
increase  when  the  absolute  pressure  on  the  vacuum  side  of  the  inlet 
passage  passes  below  60  per  cent  in  round  numbers  of  the  barometric 
as  it  does  for  lesser  vacua,  whereas  the  fuel  flow  does  increase 
regularly. 

Throttle  control  of  a  single  main  air  inlet  with  similar  throttle 
control  of  subsei^fuent  air  distribution  as  secondary  and  primarv  air 
is  illustrated  on  page  303.  (1,137,307,  Apr.  27,  1915,  Edens.)  "This 
is  a  case  of  fixea  primary  air  to  a  venturi,  with  secondary  air  con- 
trolled by  throttle,  and  with  the  pressure  at  which  both  supplies 
are  received  also  controlled  by  the  throttle  to  something  oelow 
atmosphere,  the  double  air  valves  acting  themselves  as  throttle. 
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A  flat  rectangular  throttle  arranged  to  always  direct  the  entering 
air  across  a  long  slot  form  of  fuel  inlet  or  a  row  of  holes  equivalent 
thereto,  with  an  automatic  secondary  air  valve  is  shown  on  page 
803.  (1,151,989,  Aug.  81,  1915.  Balassa.)  This  is  one  of  the  cases 
where  the  primary  proportionality  is  determined  by  the  air- velocity 
head  vacuum  on  the  fuel  flow,  with  automatic  air-valve  compensa- 
tion, the  primary  air  valve  being  itself  the  throttle,  and  the  fuel 
inlets  so  located  in  front  as  to  receive  none  of  the  air  entrance 
resistance  vacuum. 

Subclass  8.1 — two  air  inlets^  faoed  primwry^  throttle-controUed 
secondary  regulating  air  yalve. — Compensation  through  a  throttle- 
controlled  valve  of  any  kind,  as  has  already  been  pointed  out,  is  of 
little,  if  any,  value  for  variable  speed  engines  where  flow  velocity 
is  not  of  itself  determined  by  throttle  position,  however  much  this 
may  approach  the  truth  in  constant  speed  engines.  The  examples 
of  this  subclass  must  therefore  be  regarded  as  interesting  in  only 
an  indirect  way  for  general-service  carouretors  and  not  as  promising 
or  valuable  schemes  for  any  variable  speed  work,  though  they  were 
used  considerably  in  the  early  days  of  the  automobile^  before  the 
real  nature  of  the  problem  was  as  well  understood  as  it  is  to-day. 

One  of  these  early  automobile  cases  is  that  on  page  804  (733,625, 
July  14,  1903,  Clement),  diowing  secondary  air  controlled  by  the 
rotation  of  a  barrel  form  of  throttle,  for  diluting  and  so  compensat- 
ing the  mixture  from  a  fixed  fuel  and  primary  air  inlet.  Similar 
control  by  the  longitudinal  movement  of  a  barrel  throttle  is  shown 
on  page  304.  (794,951,  July  18,  1905,  Schaaf  &  Lacy.)  A  combi- 
nation of  damper  throttle  and  cylindrical  balanced  secondary  air 
valve  is  shown  on  page  304  (851,285,  Apr.  23,  1907,  Freeman) ;  a 
damper  throttle  witn  a  sector  slide  air  valve  on  page  304  (954,680, 
Apr.  12^  1910,  Howarth) ;  and  a  damper  throttle  geared  to  a  rotating 
cylindrical  secondary  air  valve  on  page  305.  (1,011,565,  Dec.  12, 
1911,  Brock.)  This  last  case  also  illustrates  an  annular  form  of  fuel 
inlet  so  that  the  fixed  primary  air  inlet  surrounds  the  variable  sec- 
ondary, which  is  central. 

While,  of  course,  control  of  secondary  air  with  the  throttle  nor- 
mally means  that  the  port  is  actuated  directly  by  or  from  the  throttle, 
the  same  result  follows  precisely,  if  both  are  simultaneously  operated 
from  the  engine  mechanism  as  on  page  305.  (1,060,053,  Apr.  29, 
1913,  Winkler.)  Here  the  throttle  is  the  engine  inlet  valve,  operated 
by  a  cam,  while  another  cam  operates  the  secondary  air  valve  at  the 
same  time,  over  a  corresponding  though  perhaps  shorter  interval. 
The  primary  air  is  reduced  to  hardly  more  than  what  will  serve  for 
spraying  purposes. 

Use  of  a  lifting  tube  in  connection  with  a  combined  cylindrical 
throttle  and  secondary  air  inlet  is  shown  on  page  305  (1,097,401, 
May  19,  1914,  Donndorf ),  where  the  spillage  irom  the  jet  at  low- 
flow  velocities  is  caught  in  a  shroud  tube  surrounding  the  nozzle, 
the  bottom  of  which  is  led  beyond  the  throttle  to  maintain  a  steady 
feed  when  idling,  as  is  done  so  frequently  in  other  classes  of  car- 
buretors. A  case  of  primary  air  direction  by  guides  combined  with 
throttle  control  of  secondary  air  is  shown  on  page  306  (1,123,027, 
Dec.  29,  1914,  Simonson),  wnich  is  also  peculiar  in  having  two  sets 
of  holes  in  the  top  of  the  float  chamber,  one  to  the  primary  passage 
beyond  the  jet,  and  the  other  to  a  low  point  of  the  secondary  mixing 
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chamber,  provided  to  drain  back  unvaporized  fuel.  It  is  a  question 
just  how  these  holes  will  act,  but  it  is  clear  that  they  will  result  in 
some  modifications  of  float  chamber  pressure  and  therefore  of  fuel 
control. 

Two  dampers  linked  together,  one  as  throttle  and  the  other  as 
secondary  air  valve,  are  shown  on  pages  806  and  807  (1,148,898,  Aug. 
8, 1915,  Henley)^  which  case  also  has  two  other  peculiarities.  In  the 
firet  place  the  primary  air  is  so  small  in  amount  as  to  be  practically  no 
more  than  spraying  air,  exerting  little  control  on  the  amount  of  fuel 
flow,  but  some,  and,  second,  the  entrance  of  the  secondary  air  is 
guided  by  curved  vanes  to  produce  a  vortex  at  the  jet  to  secure  a 
main  control  of  fuel-flow  vacuum.  One  of  the  most  recent  cases 
and  of  peculiar  form  is  that  on  page  307  (1,185,273,  May  30,  1916, 
Atherton),  which  has  a  secondary  air  valve  linked  to  the  throttle, 
both  of  dampier  form  but  with  an  automatic  valve  to  control  the 
amount  and  tne  velocity  of  the  secondary  air  that  shall  pass  the  out- 
let of  the  primary  air  and  its  fuel  or  completely  by-pass  it. 

Subclass  8Ji^ — Two  air  inlets^  fixed  pHmary,  automatic  secondary 
regulating  air  valve,— As  a  subclass  this  is  a  verv  large,  if  not  the 
largest  one  of  all,  which  is  not  unnatural,  considering  the  scope  it 
offers  to  the  mechanically  ingenious.  The  principle  is  entirely  sound 
and  correct  qualitatively;  and  this  coupled  with  the  fact  that  com- 
pensation by  adding  an  automatic  secondary  valve,  the  simplest  form 
of  which  is  the  spring-loaded  check,  seems  a  simple,  cheap,  and 
easy  thing,  is  responsible  for  the  flood  of  inventions  along  this  line. 
The  difficulty  is  one  of  degree,  because  the  compensation  means  must 
be  not  only  right  in  principle  but  must  be  so  also  in  amount,  and 
the  real  problem  is  one  of  design  of  secondary  air  valves  in  form, 
size,  and  especially  in  loading  so  they  will  give  just  the  right  com- 
pensation and  keep  it  so,  without  variation  throughout  the  life  of 
the  carburetor.  No  better  example  of  the  inadequacy  of  invention 
alone  without  the  quantitative  relationships  of  design,  disting[uidi- 
ing  it  from  invention,  could  be  found,  than  this  class  so  voluminous 
as  to  invention  and  so  imsatisfactoiy  as  to  practical  commercial 
results  in  proportion  to  the  effort  expended. 

One  of  the  early  cases  of  this  subclass,  that  on  page  308  ^649,324, 
May  8,  1900,  Longuemare)  associates  an  automatic  seconaary  air 
valve  of  annular  form,  concentric  with  the  primary,  with  a  fuel  in- 
let of  several  slots  cut  in  the  face  of  a  tapered  plug  on  a  matching 
seat,  the  fuel  inlet  being  located  in  a  short  straight  primary  air 
tube  generally  termed  a  cho.ke  or  strangle  tube.  A  somewhat  simi- 
lar form  of  fuel  inlet  arranged  in  the  wall  of  the  primary  air  pas- 
sage and  associated  with  a  cross-flow  automatic  secondary  is  shown 
on  page  209.  (759,001.  May  3, 1904,  Mohler.)  One  of  the  most  im- 
portant of  the  cases  oi  this  class,  pa^e  308  (786,558,  Mar.  21,  1905, 
ferebs),  uses  a  balanced  secondary  air  valve  operated  by  a  spring 
and  diaphragm,  controlled  by  the  vacuum  in  the  secondary  air  pass- 
age. This  case  is  interesting  because  the  inventor  was  the  first  and 
most  vigorous  advocate  of  this  type  of  compensation  and  hj  his 
publications  on  the  subject  was  responsible  more  than  any  other  indi- 
vidual for  the  stimulation  of  world-wide  interest  in  the  class.  An 
automatic  secondary  air  valve  loaded  by  the  buoyancy  of  a  float  in 
mercury  is  shown  on  pages  308  and  309  (802^16,  Oct.  17, 1905,  John- 
ston),  which  at  once  calls  attention  to  the  problem  of  valve  loading. 
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It  is  evident  that  if  proper  compensation  is  to  be  attained  with  the 
normal  arrangement  of  fixed  fuel  inlet  in  a  primary  air-choke  tube, 
the  secondary  air  must  increase  in  proportion  to  the  total,  and  this 
requires  a  variable  loading  with  opening,  which  can  not  be  obtained 
by  gravity  alone  mi^ht  be,  but  is  difficult  with  springs  alone,  could 
by  combination  of  Imks  and  cams  with  gravity  and  spring  forces, 
or  by  their  equivalent,  buoyancy  against  float  shape.  The  rest  is 
matter  of  practicability. 

An  annular  spring-loaded  automatic  secondary  air  valve  is  shown 
on  page  309  (810,792,  Jan.  23, 1906,  Mcintosh),  which  has  a  peculiar 
element  The  choke  tube  is  of  the  tapered  form  and  is  part  of  the 
air  valve,  so  the  fuel  inlet  finds  itself  at  a  wider  part  or  the  choke 
tube  when  the  secondary  lifts  than  before.  This  makes  the  com- 
pensation double,  first,  by  secondary  air  in  the  ordinary  way,  and, 
second,  by  the  variable  throat  and  nozzle  relation  itself.  A  flat-ring 
form  of  air  valve  is  shown  on  page  309  (831,832,  Sept.  25,  1906, 
Coffin),  which  on  lifting  supplies  a  double  air  stream,  one  directed 
toward  the  center  and  the  other  outward,  and  only  the  latter  is  truly 
secondary,  because  the  former  by  its  velocity  across  the  fuel  inlet 
acts  substantially  as  does  the  primary  air  in  inducing  fuel  flow. 

As  an  example  of  loading  by  means  of  a  combination  of  links  and 
springs  to  secure  a  particular  rate  of  opening  with  vacuum,  the  form 
on  page  310  (836,880,  Nov.  13, 1906,  Clement)  is  of  interest. 

An  attempt  at  direct  relationship  of  secondary  air  to  total  mixture 
is  found  on  page  310  (856,958,  June  11,  1907,  Huber),  where  the 
secondary  air  valve  is  balanced  and  not  affected  by  the  vacuum  at 
all,  but  IS  moved  by  a  floating  spring-resisted  check  valve  in  the 
main  stream  of  mixture,  the  lift  or  which  is  more  or  less  directly  r^ 
lated  to  the  total  flow. 

All  of  the  previous  cases  in  which  the  secondary  air  valve  is 
opened  by  the  vacuum  use  the  vacuum  at  a  point  beyond  the  primary 
mixture  mlet,  usually  at  an  enlarged  chamber  where  the  velocity  is 
low,  but  in  the  following  case  there  is  a  departure  from  this  practice. 
On  pages  310  and  311  (860,848,  July  23,  1907,  Bowers)  the  primary 
mixture  discharges  from  a  restricted  orifice  in  the  center  of  the  throat 
of  a  larger  venturi  tube,  and  through  the  annular  space  thus  formed 
the  secondary  air  enters  after  passing  its  automatic  valve.  The 
vacuum  at  this  high- velocity  point  controls  the  opening  of  the  auto- 
matic valves  instead  of  that  at  some  more  distant  chamber  or  low- 
velocity  point. 

An  indirectly  loaded  secondary  air  valve  is  shown  on  page  311 
(888,487,  May  26,  1908,  Greuter),  where  a  simple  lever  and  spring 
are  used  instead  of  a  direct  spring,  but  with  no  different  force  or  load- 
ing characteristics.  Arrangement  of  the  secondary  air  valve  at  the 
highest  point  with  a  long  vertical  primary  mixture  lifting  tube  is 
shown  on  ijage  311  (888,965,  May  28,  1906,  Delanay-Belleville) , 
which  is  of  interest  not  because  of  any  peculiar  compensating  value, 
but  because  of  its  adaptability  to  low- volatile  fuels  now  so  common 
and  which  are  difficult  to  handle  at  low-flow  rates  because  the  velocity 
is  not  high  enough  to  lift  the  imvaporized  liquid  when,  as  is  usually 
the  case,  the  float  chamber  must  be  set  low.  Beco^tion  of  one  of 
the  practical  difficulties  of  the  automatic  air  valve  is  found  on  page 
812  (912,083,  Feb.  9,  1909,  Daley),  where  there  is  provided  a  ligmd 
dash  pot  to  dampen  the  movement  of  the  automatic  air  valve.    The 
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fuel  is  itself  the  dash-pot  liquid,  and  the  valved  form  is  used,  per- 
mitting free  downward  movement  corresponding  to  flow  increase  but 
restricted  upward  movement.  An  unusual  form  of  fuel  inlet  is  also 
shown,  an  annular  slot  formed  between  a  rod  and  a  concentric  hole  in 
a  plate.  The  form  of  the  air  valve  with  its  long  tapers  is  also  a 
reco^ition  of  the  need  of  a  graduated  opening  with  vacuum.  A 
special  form  of  spring  loading  for  the  automatic  air  valve  is  shown 
on  page  312  (927,529,  July  13,  1909,  Harrington),  where  a  flat  flex- 
ing spring  with  an  adjustment  for  its  free  length  is  provided.  Loca- 
tion of  the  automatic  air  valve  in  a  side  chamber,  a  pretty  common 
arrangement  in  the  later  forms,  and  the  use  of  the  tapered  primary 
air-choke  tube,  also  more  and  more  frequently  adopted  later,  are 
illustrated  on  pages  312  and  313  (928,042,  Julj  13,  1908,  Goldberg). 

An  interesting  form  of  gtiduated  air  valve  is  that  shown  in  figure 
222  (932,860,  Aug.  31,1909^  tJroubille  &  Arquembourg) ,  where  a  num- 
ber of  metal  balls  of  varying  size  constitute  the  air  valve,  or,  rather,  a 
set  of  air  valves  of  diflrerent  size  and  opening  resistance,  and  these 
are  shown  as  associated  with  the  venturi  form  of  primary  inlet.  An- 
other example  of  ball-type  air  valve  is  shown  on  page  813  (974,076, 
Oct.  25,  1910,  Kingston),  where  the  balls  arc  all  the  same  size,  but 
their  seats  are  of  different  diameters. 

A  special  valve-loading  mechanism  is  illustrated  on  page  314 
(976,558,  Nov.  22,  1910,  Dayton),  a  sort  of  clock  spring  and  gear 
train,  and  another  still  different  on  page  314  (976,692,  Nov.  22, 1910. 
Riechenbach)^  this  latter  associated  with  a  swing  form  of  valve  ana 
introducing  cams  to  secure  the  force  variation  required  with  refer- 
ence to  vacuum  and  valve  opening.  Flexing  flat  spring  strips  over 
slots  to  make  an  automatic  air  valve  are  shown  on  pa^  315  (997,233, 
July  4,  1911,  Bowers).  Control  of  the  automatic  air  valve  by  the 
vacuum  at  the  throat  of  the  primary  venturi  instead  of  that  beyond 
it,  on  the  theory  that  this  throat  vacuum  is  itself  a  measure  of  air 
flow  and  can  properly  be  made  a  prime  factor  in  the  motion  of  the 
air  valve,  is  illustrated  on  page  816  (1,067,502,  reissued  as  13,784, 
Aug.4, 1914,  Brown). 

The  long  curved  shape  of  the  valve  face  itself  acts  in  a. manner 
equivalent  to  a  cam  type  of  valve  loading  and  a  somewhat  similar 
idea  of  valve  face  form  used  with  direct  spring  loads  against  the  main 
mixing-chamber  vacuum  is  shown  on  pages  315  and  316  (1,069,671, 
Aug.  12,  1913,  Brush),  associated  with  a  direct-acting  lifting  tube 
by-passing  the  throttle.  A  differential  form  of  air  valve  is  shown 
on  page  316  (1,071,858,  Sept.  2, 1913,  Ball  &  Ball) ;  also  direct  spring 
loaded  and  opened  by  main  mixing-chamber  vacuum,  but  having  a 
(juite  small  fixed  primary  air  inlet,  in  which  is  a  special  form  of  luel 
inlet,  a  capillary  annulus  formed  between  a  long  tapered  wall  and  a 
corresponding  rod. 

An  example  of  two  automatic  secondary  air  inlets  which  in  action 
are  equivalent  to  one  is  ^ven  on  page  316.  (1,086,287,  Feb.  3,  1914, 
Gehrmann.)  An  automatic  air  valve  form  adapted  to  be  influenced  to 
the  maximum  degree  by  the  velocity  of  the  passing  air  is  shown  on 
page  316.  (1,092,282,  Apr.  7, 1914,  Mixsell. )  Here  the  reversal  of  flow 
direction  produces  a  reaction  assisting  the  opening  and  equivalent 
to  an  increase  of  vacuum  or  a  decrease  of  spring  tension.  Double- 
spring  loading  of  the  automatic  air  valve  is  shown  on  page  317 
(1,112,257,  Sept  29,  1914,  Brush),  where  the  second  spring  comes 
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i^to  action  to  increase  the  loading  after  the  valve  movement  has 
exceeded  a  given  value.  It  also  illustrates  again  the  high-point  loca- 
tion of  the  air  valve  with  a  long  lifting  primary  tube  for  low  float 
chambers.  The  primary  and  secondary  streams  approach  the  throttle 
from  opposite  directions,  and  the  throttle  itself  distributes  the  mix- 
ture to  four  cylinders  by  four  ports,  each  feeding  a  separate  mixture 
passage.  Heating  of  the  secondary  air  between  the  valve  and  the 
mixing  point  is  illustrated  on  page  317  (1.140,064,  May  18,  1915, 
Eakestraw),  which  also  shows  a  heated  ana  oafQed  mixing  chamber. 
Such  heating,  if  not  quite  constant,  causes  a  variable  expansion  of 
the  air,  affecting  flow  as  would  a  varying  resistance  of  passage,  and 
this  interferes  with  proportionality. 

A  sort  of  floating  automatic  secondary  air  valve  is  shown  on  pages 
817  and  818  (1,143,961,  June  22, 1916,  Haynes),  formed  somewhat  l^e 
a  perforated  nozzle  cap,  the  primary  air  iJeing  fixed  by  the  holes  in  the 
cap  and  the  secondary  varying  with  its  lift.  There  is  also  shown  a 
wick  air  humidifier  in  the  primary  air.  Electrical  heating  of ^  both 
the  air  and  the  fuel  separately  in  connection  with  an  automatic  air 
valve  of  the  clock  form  is  illustrated  on  page  318  Q,150,619,  Aug.  17, 
1916,  Percival  &  Patterson),  one  of  a  large  number  of  cases  where 
the  attention  being  concentrated  on  the  problem  of  appljring  heat  to 
vaporize  heavy  fuels  has  led  to  the  introduction  of  proportionality 
interferences  bj  variable  back-pressure  effects  in  the  case  of  the  air 
and  variable  viscosity  and  efflux  effects  on  that  of  the  fuel. 

With  the  idea  of  promoting  acceleration  on  a  sudden  opening  of 
the  throttle,  a  special  form  of  throttle  carrying  the  automatic  second- 
ary air  valve  has  been  arranged,  as  shown  on  page  318.  (1,162,576, 
Nov.  30,  1916,  Daimler  &  Slaby.)  A  quick  openmg  of  the  throttle 
by  a  sort  of  dashpot  action  momentarily  closes  the  secondary  air 
valve  and  enriches  the  charge  accordingly,  but  immediately  after- 
wards the  position  due  to  uie  vacuum  is  taken  up  automaticallv. 
This  is  equivalent  to  the  accelerating  cup,  except  that  it  acts  equally 
at  any  position. 

Swclass  8JS — Two  air  inlets^  both  wUh  regulating  valves^  one  oEUr- 
tomatic^  the  other  throttle  controUed.—^ne  case  will  serve  to  illus- 
trate this  unimportant  mixed  class,  that  on  page  319  (1,060,645,  Apr. 
29,  1913,  Gentle),  which  has  the  main  primary  air  entering  through 
an  automatic  ^Ive  and  the  secondary  controlled  by  the  throttle.  A 
peculiar  form  of  fuel  inlet  is  provided,  characterized  by  capillary 
flow,  which  consists  of  a  wire  screen  in  a  narrow  annular  slot,  the 
screen  being  cylindrical  and  carried  by  the  automatic  valve. 

Subclass  8.4 — Two  air  inlets,  both  with  automatic  reguZatinff 
valves. — As  compared  with  fixed  primary  air,  the  case  of  primary 
air  entering  through  an  automatic  valve  with  a  fuel  inlet  beyond  it 
would  require  rather  less  compensation  for  proportionality  because 
of  the  increasing  area  of  air  entrance  which  directly  tends  to  retard 
excessive  rise  of  vacuum,  especially  with  gravity  loaded  valves  as 
compared  with  spring  loaded.  In  fact,  with  a  gravity  loaded  pri- 
mary air  valve  and  a  fixed  fuel  inlet  beyond  it  insufficient  fuel  will 
enter  at  high  flow  rates  unless  some  special  arrangement  is  introduced 
to  force  it,  because  the  increase  of  vacuum  and  hence  fuel  flow,  with 
reference  to  air  flow,  is  negligible.  With  spring  loaded  valves  having 
an  increasing  tension  there  may  be  required  more  or  less  compensa- 
tion which  might  be  obtained  with  a  secondary  spring  load*    In  gen- 
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eral,  there  is  likely  to  be  rather  too  much  trouble  and  difficulty  in  get- 
ting a  proper  spring  loading  for  one  valve  to  warrant  trying  it  witJi 
two,  so  this  subclass  is  one  oi  doubtful  practical  value,  thou^  within 
the  range  of  qualitative  possibility.  Ixx;ation  of  the  fuel  inlet  at  or 
before  one  of  the  automatic  air  valves  is  one  more  or  less  common 
special  arrangement  where  the  case  is  least  complex. 

In  the  form  page  319  (762,707,  June  14^  1904,  Grove)  the  fuel 
inlet  is  in  the  seat  of  the  primary  automatic  valve.  If,  as  is  most 
often  the  case,  it  may  be  assumed  that  this  valve  when  it  opens  at  all 
opens  full  against  its  stop,  then  this  is  equivalent  to  a  fixed  fuel  and 
a  fixed  air  inlet  arranged  for  gravity  flow  of  fuel  for  slow-sp^sd 
engines.  The  secondary  air  being  automatic,  the  case  is  one  that 
might  be  assigned  to  the  subclass  8.2,  as  adapted  for  periodic  opening 
of  a  fuel  valve  with  pressure  feed. 

With  the  arrangement  on  page  320  (790,173,  May  16, 1905,  Biehn) 
the  situation  is  quite  different,  for  here  a  double  valve  with  a  single 
spring  load  operates  so  as  to  decrease  the  primary  air  as  the  secondary 
air  increases,  the  former  being  controlled  at  the  outlet  point  of  the 
primary  air  and  its  fuel.  Location  of  the  fuel  inlet  in  the  path  of  the 
primary  air  entering  through  an  automatic  valve,  gravity  loaded  so 
as  to  receive  the  direct  velocity  head  vacuum  action  which  should  be 
nearly  constant,  is  illustrated  on  pages  320  and  321.  (806,830^  Dec. 
12,  1905,  Packard.)  The  secondary  air  opens  after  the  primary 
opening  has  exceeded  a  given  value,  and  a  smgle  valve  controls  both 
openings.  A  pair  of  conically  helical  spring  forms  of  valve  is  shown 
on  page  321  (960,080,  May  31, 1910,  Fay  &  Ellsworth),  with  the  fuel 
inlet  located  in  a  fixed  air  passage  in  front  of  one  of  these  spring 
automatics,  which  controls  the  primary  air  at  its  outlet.  This  ar- 
rangement so  far  is  equivalent  to  a  fixed  air  and  fuel  with  an  outlet 
throttle  and  tends  to  become  rich,  so  a  secondary  air  valve  is  a  cor- 
rective. In  this  case  the  tension  of  both  spring  valves  is  subject  to 
hand  control  so  they  may  be  made  to  serve  as  throttle. 

A  somewhat  odd  case,  having  a  fuel  inlet  in  the  seat  of  one  auto- 
matic (as  in  762,707,  Grove),  is  that  on  page  321  (1,136,675,  Apr.  20, 
1915,  Hutchinson) ,  where  special  means  are  provided  between  the  two 
valves  for  separating  out  and  drawing  away  the  unvaporized  fuel. 
This  shows  the  later  recognition  of  the  prevalence  of  nonvolatile 
fuel  and  the  necessity  for  some  means  of  dealing  with  the  unvaporized 
liquid  portions,  but  a  rather  questionable  way,  becau^  any  fuel  thus 
drained  away  is  responsible  for  just  so  much  interference  with  pro- 

Eortionality  otherwise  established  by  the  flow.  This  returned  liquid 
eing  the  heavier  portion,  it  can  not  be  used  again  in  the  same  sort 
of  carburetor  with  any  more  hope  of  vaporizing  the  second  time  than 
the  first,  in  fact,  less. 

One  example  of  an  arrangement  that  requires  rather  less  than 
more  compensating  action  of  the  secondary  air  valve  is  shown  on 
page  321  (1,183,137,  May  16,  1916,  Swarts).  Here  the  taper  throat 
of  the  primary  air  passage  lifts  automatically,  thereby  tending  to 
compensate  directly,  and  the  secondary  automatic  air  valve  is  ex- 
pected to  do  the  rest.  The  effect  of  this  arrangement  should  be  similar 
to  those  of  subclass  8.2. 

Subclasa  8,6 — Two  air  inlets^  both  with  throttle  controlled  regvlat- 
ing  valves. — ^With  the  reminder  that  such  direct  throttle  control  is 
only,  or  mainly,  of  interest  in  connection  with  constant-speed  engines. 


Digitized  by 


Google 


AEBONAUTICS.  297 

this  class  assumes  but  small  importance  in  the  general  carouretor 
case,  which  includes  the  variable-speed  engine. 

Two  air  valves  acting  as  throttle  and  so  formed  as  to  be  really  a 
double-ported  single  valve  is  the  arrangement  on  page  822  (714,697, 
Nov.  25, 1902,  Mors) ,  originally  intended  for  automobiles.  The  next 
case  (856,638,  June  11,  1907,  Higgins),  is  one  of  those  designed  for 
stationary  engines  and  has  two  air  inlets,  one  increasing  and  the 
other  decreasing  with  the  throttle,  so  arranged  as  to  control  the 
vacuum  at  the  fuel  inlet.  A  double-ported  slide  valve,  acting  as 
air  valve  and  throttle,  has  a  fuel  nozzle  in  front  of  one  in  the 
port  that  serves  as  a  primary  air  passage,  while  the  second  port 
controls  the  secondary  air  simultaneously  in  the  construction  on 
page  322.  (846,471,  Mar.  12,  1907,  Hobart.)  The  same  case  illus- 
trates a  double-beat  disk  valve  and  a  damper  valve  acting  in  the  same 
way.  A  cylindrical  sleeve,  constituting  tne  tapered  air  throat  by  its 
two  sets  01  ports,  actinj^  as  throttle  and  auxiliary  air  valve,  and  its 
free  and  acting  as  primary-air  valve,  is  illustrated  on  page  822. 
(905,012,  Nov.  24,  1908,  Spranger.)  The  motion  of  the  throat,  with 
reference  to  the  jet  nozzle  is  itself  a  compensating  influence,  leaving 
less  for  the  primary  and  secondary  air  ports  to  do. 

A  sliding  semicylindrical  plug  throttle  moving  across  a  pair  of 
air  ports,  one  of  which  carries  the  fuel  inlet,  and  thereby  controlling 
the  total  air  and  the  ratio  of  primary  to  secondary  air  is  shown  on 
page  328.  (988,800,  Apr.  4, 1911,  McHardy  &  Potter. )  Two  damper 
valves  arranged  to  act  at  the  same  time  as  air  valves  and  throttle 
may  be  made  to  accomplish  at  least  qualitatively  the  desired  com- 
pensation for  constant  speed  engines  when  arranged  as  on  pages  823 
and  824  (1,014,328,  Jan.  9,  1912,  Podlesak.)  A  double  air  passage 
has  a  damper  in  both  branches,  so  linked  together  as  to  give  the  com- 
pensation desired,  the  fuel  nozzle  being  located  in  one  of  them  as  as  to 
receive  the  velocity  head  vacuum  of  one  of  the  four  air  streams  formed 
by  the  dampers. 

Sxjihclasa  8.6 — mixed  -flow. — One  very  early  case  of  the  direct  sort 
of  compensation  that  is  possible  by  the  mixed  flow  principle,  but  used 
in  conjunction  T^ith  a  variable  main  air  inlet  to  minimize  the  total 
drop  in  pressure  through  the  carburetor  as  compared  with  the  class 
where  the  main  air  inlet  is  fixed  is  that  on  page  325.  (423,214, 
Mar.  11,  1890,  Butler.)  Here  the  main  air  enters  through  a  spring 
loaded  automatic  valve  while  the  fuel  enters  in  an  annular  stream 
around  the  outside  of  the  seat  of  the  main  valve  where  the  velocity 
is  high.  Compensation  is  secured  by  air  flow  to  the  fuel  passage  at 
a  point  just  behind  its  outlet.  Another  case  involving  the  same 
principle  of  compensation,  but  differently  arranged,  is  that  on  page 
325.  (802,038,  Oct.  17. 1905,  Hagar.)  A  more  recent  case,  and  one 
of  some  interest,  is  tnat  on  page  325  (1,061,835,  May  13,  1913, 
Gobbi),  where  the  fuel  inlet  is  set  before  the  one  valve  that  acts  as 
air  valve  or  throttle.  This  valve  has  a  hole  in  it  registering  with 
the  fuel  inlet  for  idling  on  closed  throttle,  air  for  which  enters 
through  a  side  hole  in  the  throttle  itself.  On  opening  the  throttle 
suddenly  part  of  the  large  air  flow  is  caught  by  a  hood  and  directed 
down  a  shroud  tube  around  the  nozzle,  emptying  it  of  fuel  that  col- 
lected during  slow  feed.  This  accelerating  cup  action  is  followed  by 
a  mixture  proportionality  compensating  action  when  this  same  air 
enters  the  fuel  nozzle  through  which  the  accelerating  cup  was  filled. 
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Class  9 — carburetors^  proportioning  flow,  aapiroMng,  rmltiple  faed 
fuel  inlets,  single  air  inlet  with  reguLaJtmg  valve, — As  the  propor- 
tionality between  air  and  fuel  for  every  fixed  fuel  inlet  in  a  fixed  air 
inlet  is  constant  within  some  range  of  flow  rates  peculiar  to  the  par- 
ticular arrangement  in  question,  one  more  or  less  obvious  way  of 
avoiding  the  necessity  for  compensation  beyond  this  range  is  to 
limit  the  action  to  the  ran^e  itself  by  providmg  a  sufficient  number 
of  such  operating  units — ^in  short  tne  multiple  carburetor.  Such 
multiple  <jarburetors  have  already  been  examined,  but  another  sort  or 
series  of  multiple  carburetors  can  be  based  on  variable  air  inlets  as 
on  fixed,  and  with  some  advantages.  This  class  includes  all  those 
having  a  series  of  fixed  fuel  inlets  with  any  number  of  air  inlets  pro- 
vided with  air  area  regulating  valves.  The  common  groups  of  ar- 
rangements constitute  each  a  subclass,  two  of  these  being  concerned 
with  a  single  air  valve,  opening  of  which  brings  the  fuel  jets  suc- 
cessively into  action,  the  standpipe  associated  with  an  air  inlet  valve 
another,  the  two  jet,  high  and  low  speed  or  idling,  and  main,  used 
with  air  inlet  valves,  makes  still  another,  and  finafly  the  tilting  fuel 
chamber,  a  last  group. 

A  single  example  will  serve  to  illustrate  the  general  class,  not 
definitely  belonging  to  the  subclasses,  that  on  page  329.  (1,177,538, 
Mar.  28,  1916,  Koberts.)  Here  a  series  of  three  niel  inlets  is  placed 
in  a  cylindrical  passage  with  valved  partitions  each  side  of  each 
jjBt,  the  valves  bemg  linked  together,  so  the  throttle  for  the  first  jet 
IS  the  air  inlet  for  the  second.  While  each  nozzle  is  located  at  the 
same  height  above  its  float  chamber  level,  each  successive  one  is  acted 
on  by  a  different  vacuum. 

Subclass  9.1 — Fuel  inlets  a^t  progressively  with  opening  of  auto- 
matic air  inlet  regulating  valve, — From  one  point  of  view  there  would 
be  no  difference  between  this  and  the  case  of  one  variable  fuel  inlet 
or  one  multiported  fixed  fuel  inlet  associated  with  variable  air  inlet, 
but  there  is  a  real  difference,  because  here  there  is  no  fuel-regulating 
valve,  and  the  several  fuel  inlets  are  not  equivalent  to  a  multiported 
single  inlet  because  all  the  orifices  of  the  latter  always  work  together, 
whereas  in  the  present  case  there  are  times  when  all  are  working  and 
other  times  when  perhaps  only  one  is  in  action. 

Four  fuel  inlets  are  arranged  on  page  330  (1,006,130,  Oct.  17, 
1911,  Eiotte),  to  be  just  out  of  the  path  of  a  swing-gate  automatic 
air  valve  across  the  air  inlet,  and  are  Drought  successively  into  action 
by  the  air- valve  movements;  those  nozzles  lying  inside  its  edge  dis- 
cnarge  fuel,  those  outside  do  not.  A  series  of  10  fuel  inlets  is  pro- 
vided on  pages  330  and  331.  (1,011,960,  Dec.  19,  1911,  lonides.) 
These  are  arranged  along  the  top  edge  of  a  longitudinal  slot  cut  in 
a  cylindrical  casing,  which  is  traversed  by  a  vacuum-controlled  piston 
valve.  The  length  of  slot  exposed  to  air  flow  across  it  determines  the 
number  of  fuel  inlets  acted  on  by  the  air  velocity  head  vacuum  induc- 
ing fuel  flow.  An  almost  identical  plan  with  a  variation  of  some 
structural  details  is  shown  on  pages  331  and  332.  (1,119,076,  Dec.  1, 
1914,  Freyl.)  A  group  of  four  nozzles  arranged  radially  around  the 
seat  of  an  air  valve  at  different  heights  is  shown  on  page  332. 
(1,130,474,  Mar.  2, 1915,  Brush.) 

Subclass  9,2 — Fuel  inlets  act  progressively  with  opening  of  throttle- 
controlled  air  inlet  regulating  valve. — ^This  subclass  is  similar  to  the 
last  except  for  the  control  of  the  air  valve,  which  is  here  directly  by 
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the  throttle  or  is  itself  the  throttle.  As  en^es  may  operate  at  a 
considerable  speed  range  for  a  given  throttle  position,  so  does  the 
throttle  seem  to  be  an  indirect  means  of  total  air  and  active  fuel  inlet 
control,  by  no  means  as  primary  a  variable  as  the  vacuum  that  itself 
is  fixed  by  or  fixes  flow.  It  would  seem,  therefore,  that  this  class 
contributes  less  to  the  solution  of  the  problem  of  proportionate  flow 
than  the  last,  but  as  one  is  convertible  into  the  other  by  well-known 
means  the  cases  of  the  class  are  worth  study  with  that  fact  in  view. 

One  fairly  early  case,  considering  the  youth  of  the  whole  art,  is 
that  on  page  833  (858,437,  July  2,  1907,  Brooke),  which  illustrates 
a  cylindrical  valve  acting  at  the  same  time  as  air  inlet  and  throttle 
as  it  moves  longitudinally  and  uncovers  and  exposes  to  the  vacuum 
of  air  flow,  three  fuel  inlets  in  succession.  Seven  fuel  inlets  are  suc- 
cessively brought  into  action  by  the  cylindrical  slide,  serving  as  both 
throttle  and  air  valve  in  the  arrangement  on  page  333.  (881,279, 
Mar.  10, 1908,  Allen.)  Here  the  orifices  are  placed  well  in  front  of  the 
slide  and  fuel  flow  is  induced  solely  by  air  velocity  Head  vacuum,  so  as 
the  air  flow  does  or  does  not  sweep  an  orifice,  that  orifice  discharges 
fuel  or  does  not^  and  the  amount  of  discharge  of  any  one  or  all  that 
are  exposed  vanes  with  the  velocity  of  air  past  it.  but,  of  course,  not 
necessarily  in  direct  proportion.  The  iris  form  oi  air  valve  or  throt- 
tle reappears  once  more  on  pages  333  and  334  (881,800,  Mar.  10, 1908, 
Horstmann),  this  time  the  continually  enlarging  circle  of  air  entrance 
exposes  to  the  action  of  air  velocity  four  fuel  nozzles  at  different 
distances  from  the  center.  Each  in  turn,  they  discharge  under  the  air 
velocity  head  vacuum  influence,  the  direction  of  air  flow  being  paral- 
lel to  that  of  fuel  flow  instead  of  crosswise  as  in  the  last  case. 

Three  fuel  nozzles  uncovered  in  succession  by  a  cylindrical  valve 
serving  as  throttle  receive  air  partly  from  a  fixed  and  partly  from  an 
automatic  inlet,  which  thus  impose  a  vacuum  due  to  entrance  resist- 
ance in  addition  to  the  velocity  head  vacuum,  but  the  former  must 
be  kept  low  enough  so  that  the  nozzles  screened  by  the  valve  do  not 
discharge.  This  is  illustrated  on  page  334.  (1,073,179,  Sept.  16, 
1913,  Sprung.)  An  interesting  special  form  is  shown  on  page  335 
(1,089,624,  Mar.  10,  1914,  Barrett  &  Wilson),  where  a  straight  row 
of  fuel  inlets  in  a  rectangular  air  passage  is  swept  by  a  rotating 
throttle  disk  having  a  rectangular  hole,  the  angle  between  the  long 
axes  of  the  two  rectangles  determines  the  area  of  air  passage  exposed 
and  the  length  of  the  :mel  nozzle  line.  A  rotating  barrel  throttle  with 
two  slots,  one,  straight  sided  and  parallel,  acting  as  throttle  and  the 
other,  inclined,  acting  to  control  the  lengthened  area  of  the  air  inlet 
and  the  number  of  fuel  inlets  exposed,  is  shown  on  page  335. 
(1,094,674,  Apr.  28,  1914,  Miller  &  Adamson.)  A  later  form  pro- 
vided with  a  second  air  valve  of  the  swing  type,  controlling  the  dis- 
tribution of  the  air  on  the  two  sides  of  uie  line  of  fuel  inlets,  also 
operated  with  the  throttle  and  arranged  with  two  float  chambers  to 
use  two  fuels,  the  more  volatile  one  acting  only  on  the  low-speed  end 
of  the  nozzle  row  for  starting  and  the  less  volatile  feeding  all  the 
rest  pf  the  nozzles,  is  ^own  on  pages  885  and  336.  (1,183,221,  May 
16,  1916,  Miller  &  Adamson.) 

Subclass  93 — Standpipe. — ^This  subclass  is  similar  to  the  standpijpe 
subclass  already  reviewed,  except  that  the  latter  received  its  air 
through  fixed  mlets,  whereas  in  the  present  case  the  air  enters 
through  regulating  air  valves,  which  prevent  the  vacuum  from  in- 
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creasing  so  much  with  the  air  flow  increase,  and  thus  permitting  of 
shorter  standpipes.  In  the  first  case,  on  page  837  (1,130,700,  Mar.  9, 
1915,  Bennett),  air  enters  partly  through  a  fixed  and  partly  through 
an  automatic  valved  inlet  to  a  series  of  fuel  outlets  at  different 
heights.  Each  of  these  is  formed  in  a  i)eculiar  way,  two  thin  metal 
sheets,  sector  shaped,  fastened  together  on  the  radial  but  free  on  the 
circular  edges,  surround  each  fuel  inlet,  the  circular  edges  pointing 
up  at  different  heights.  Air  flow  presses  these  together  as  it  passes 
and  the  fuel  discharges  successively  from  the  edges  of  the  higher 
ones  as  flow  increases,  always  into  high  velocity  air.  A  curious  £>rm 
of  this  class  is  that  on  page  387  (1,147,887,  July  20,  1915,  Muir), 

Srovided  with  one  nozzle  fixed  in  position  and  several  others  at 
ifferent  levels  in  the  body  of  an  automatic  air  valve,  ^avity  closed. 
As  the  air  valve  lifts  a  series  of  fuel  nozzles  are  brou^t  into  action 
at  different  heights  above  the  float  level  and  in  different  vacuum  po- 
sitions; the  fixed  nozzle  comes  in  only  after  the  air  valve  has  stopped 
rising  and  the  vdcuum  still  continues  to  increase;  it  therefore  is  a 
sort  of  high-speed  supplementary  jet. 

Subclass  94 — Two  fuel  inlets,  one  maiai  (md  one  idling. — ^Air 
enters  through  a  special  swing  form  of  automatic  valve,  on  page  838 
(825,499,  July  10,  1906,  Sturtevant  &  Sturtevant).  and  fuel  at  the 
constantly  narrowest  part  of  the  air  inlet,  so  its  now  is  due  to  air 
velocity  primarily.  A  separate  fuel  inlet  is  arranged  in  the  throttle 
for  idling.  A  single  damper  valve  acting  both  as  air  valve  and 
throttle  is  associated  with  two  fuel  inlets  in  front  of  it,  on  page  838 
(1,016,108,  Jan.  30,  1912,  Steinbrenner),  in  such  a  way  as  to  bring 
only  one  into  action  when  the  throttle  is  closed,  while  both  act  at 
more  open  positions  if,  of  course,  the  velocity  is  high  enough.  A 
different  and  later  disposition  of  two  fuel  inlets  with  respect  to  a 
damper  valve,  acting  as  throttle  and  air  valve,  whereby  one  only  acts 
at  idling  and  both  for  wider  open  throttle  position  is  shown  on  page 
838.    (1,147,940,  July  27,  1915,  Griffin.) 

Subclass  9.6 — TUHng  fuel  charnber,  TodicShf  disposed  fuel  inlets, — 
This  is  a  sort  of  complement  or  inverse  of  the  standpipe,  where  on 
increased  air  flow  the  resulting  vacuum  lifts  the  fuel  to  successively 
higher  orifices,  while  here  the  nozzles  are  successively  depressed  in 
regions  of  the  same  or  rising  vacuum,  but  usually  by  the  throttle  or 
air  valve. 

A  closed  float  chamber  supported  so  as  to  rotate  on  two  pins  and 
lying  wholly  Within  the  air  ijassage  is  provided  with  a  row  of  fuel 
orifices  at  different  heights  with  reference  to  a  lateral  plane,  so  that 
they  come  successively  within  the  sweeping  action  of  the  air  current 
entering  between  the  float  chamber  body  acting  as  air  valve  and  the 
casing,  is  the  combination  shown  on  pa^  339.  (989,307,  Apr.  11, 
1911,  Simmons.]  Seven  radial  tubes  at  different  angles  on  a  constant 
level  chamber  lormed  in  a  valve  spindle  rotate  with  the  latter  and 
are  brought  into  action  by  coming  into  the  air  stream  successively 
as  the  valve  opens.  At  the  same  time  their  flow  varies,  because  of 
the  changing  liquid  head,  according  to  the  arrangement  on  page  889. 
(1,073,577,  Sept.  30, 1913,  Smith.) 
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Claas  10 — Carhwretors^  proportiomng  fiow^  aspirating^  m/uUiple 
fixed-fuel  inlets  and  rrvuUiple  variable-air  inlets^  valved  for  reguta- 
turn. — ^The  only  difference  between  this  and  the  other  class  of  mul- 
tiple fixed-fuel  inlets  with  multiple  variable-air  inlets  is  the  sort  of 
air  inlets,  which  in  the  former  class  were  fixed,  whereas  in  the  pres- 
ent class  they  have  at  least  one  air-regulating  valve.  Besides  those 
cases  that  clearlv  fall  under  one  or  more  of  the  subclass  definitions 
there  are  some  that  do  not,  and  these  are  grouped  under  the  general 
class. 

In  the  first  case,  on  page  843  (979,700,  Dec.  27, 1910,  Proehl) ,  a  semi- 
circular ring  of  ruel  infets  is  arranged  to  be  uncovered  successively 
by  a  rotating  cylindrical  sleeve,  and  thus  subjected  to  a  flow -inducing 
vacuum  of  the  air  velocity,  which  is  prevented  from  increasing  as 
much  as  it  otherwise  would  bv  a  secondary  automatic  valve,  fiici- 
dentally,  a  semicircular  throttle  moves  with  the  sleeve.  Quite  a  dif- 
ferent arrangement  is  shown  on  page  343  (1,099,547^  June  9,  1914, 
Gentle),  which  is  practically  a  pair  of  carburetors  m  series.  The 
first,  for  a  volatile  fuel,  has  a  fixed  air  and  fuel  air  inlet,  and  it  dis- 
charges past  a  throttle  to  the  second  supplied  with  a  less  volatile  fuel 
and  provided  with  an  automatic  air  valve,  having  the  fuel  inlet 
around  its  seat.  When  the  engine  becomes  warm  enough  a  thermo- 
stat closes  the  throttle  of  the  first  carburetor  and  at  the  same  time 
opens  a  pure-air  inlet  to  the  second.  Another  case  of  double  car- 
buretor operating  alternately  instead  of  in  series  is  that  on  page  344 
(1,163,393,  Dec.  7,  1915,  Corbett).  Here  the  main  carburetor  has  a 
fixed  primary  and  automatic  secondary  air  inlet  with  single  fixed 
fuel  inlet,  but  there  is  another  with  automatic  air  inlet  lifting  a  fuel 
valve  in  front  of  it  somewhat  similar  to  those  of  class  1.  A  cam  per- 
mitting the  opening  of  either  the  main  automatic  secondary  or  the 
supplementary  automatic  air  and  fuel  valves  is  linked  to  a  special 
throttle  in  the  main  primary  air,  so  it  is  closed  at  the  same  time  its 
secondary  air  is.  This  is  a  sort  of  high  and  low  speed  double-car- 
buretor arrangement,  controlled  by  a  separate  hand-operated  linkage, 
independent  of  either  the  vacuum  or  the  main  throttle. 

Subclass  10.1 — Main  fuel  inlet  with  supplementary  high-speed 
jet, — ^A  fixed  primarjr  air  inlet  of  tapered  form  is  fitted  with  a  fuel 
nozzle  having  two  orifices  at  different  levels  and  a  side  entrance  au- 
tomatic secondary  air  valve  is  provided  for  each  in  the  form  shown 
on  page  345.  (928,121,  July  13,  1909,  Groldberg.)  At  low-flow 
rates  only  the  lower  fuel  orifice  is  in  action,  by  reason  of  the  low 
vacuum,  and  all  the  air  enters  by  the  fixed  inlet.  Increased  flow  and 
vacuum  cause  successively  the  opening  of  the  lower  secondary  air, 
fuel  discharge  from  the  upper  fuel  orifice,  and  then  the  opening  of 
the  upper  secondary  air  valve.  Two  fixed  jets  arranged  on  opposite 
sides  of  a  throttle  which  controls  both  the  relative  and  the  absolute 
flow  through  the  two  chambers  is  illustrated  on  pages  345  and  346. 
(958,476,  May  17, 1910,  Cook.)  The  low-speed  jet,  so  called  because  it 
is  in  action  when  the  other  is  not  on  a  nearly  closed  throttle,  has  an 
automatic  air-inlet  valve,  while  the  high-speed  jet  is  arranged  in  a 
fixed  primary  air  passage  with  an  automatic  secondary  air  inlet.  At 
all  throttle  positions  except  the  nearly  closed  one  both  jets  are  in 
action.  A  combination,  in  which  the  high-speed  jet  is  brought  into 
action  by  the  vacuum  lift  on  the  automatic  secondary  air  valve  of  the 
low-speed  jet,  is  shown  on  page  346.    (993,770,  May  30, 1911,  Fritz.) 
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Another  case  of  bringing  in  the  high-speed  jet  by  the  throttle  is  shown 
on  page  346.  (1,046,434,  Dec.  10,  1912,  BoUee.)  Here  an  accelerat- 
ing cup  is  added  to  the  low-speed  jet,  which  is  fixed  in  a  fixed-air 
inlet,  the  cup  emptying  as  the  throttle  is  opened  and  before  the 
hiffh-speed  jet  comes  in.  The  high-speed  jet  has  its  own  separate 
tube  with  fixed  primary  and  ball  type  of  automatic  secondary  air 
valve.  An  unusual  form  of  throttle  controlling  the  action  of  the 
high-speed  jet  is  shown  on  pages  346  and  347.  (1,078,349,  Nov.  11, 
1913,  Hawxhurst  &  Nicolai.)  This  throttle  stem  carries  first  a  small 
poppet  valve  which  opens  wide  the  outlet  from  the  low-speed  jet  in 
its  fixed  air  passage,  then  in  succession  a  series  of  three  concentric 
poppets  are  opened  in  succession,  admitting  to  the  main  mixing 
chamber  the  delivery  from  the  high-speed  jet  gradually,  and  at  the 
same  time  increasing  the  spring  tension  of  the  automatic  secondary 
air  valve  of  the  high-speed  chamber. 

Another  case  of  two  jets  at  different  levels  in  one  chamber  is 
shown  on  page  347  (1,099,293,  June  9,  1914,  Goldberg  and  Tillot- 
son),  the  high-level  high-speed,  jet  being  brou^^ht  into  action  by  the 
opening  of  the  secondary  automatic' air  valve  indirectly  as  it  closes 
an  air  hole  from  the  atmo^here  to  the  high-speed  jet  passage  which 
permits  the  vacuum  to  build  up  and  the  jet  to  worK,  as  it  could  not 
so  long  as  this  air  hole  was  open.  The  same  result  could,  of  course, 
be  accomplished  by  a  direct  mechanical  connection  from  the  sec- 
ondary air  valve  to  a  fuel  valve  at  the  high-speed  jet  or  by  the 
vacuum  alone.  Succession  by  the  velocity  of  the  secondary  air  alone 
is  shown  on  page  347.  (1,120,763,  Dec.  15,  1914.  Thomas.)  The 
high-speed  jet  is  here  located  in  the  air  throat  in  iront  of  the  auto- 
matic secondary  air  valve. 

Suiclass  10.2 — Main  fuel  inlet  with  guvplementary  idling  jet— 
The  principal  difference  between  this  ana  the  previous  subclass  is 
one  of  succession  versus  alternation.  In  the  previous  case  the  low- 
speed  jet  continued  to  work  after  the  high-speed  jet  came  into  action^ 
here  a  low-speed  or  idling  jet  gives  way  to,  or  is  replaced  by  the 
high-speed  jet,  no  matter  what  the  mechanism  of  alternation  may 
be.  In  the  case  on  page  348  (1,055,352,  Mar.  11,  1913,  Pembroke), 
a  small  fuel  tube  is  carried  from  the  float  chamber  to  a  point  above 
the  throttle  and  is  in  action  only  when  the  vacuum  there  is  great 
ejttough  to  lift  the  fuel,  which  it  can  not  do  at  open  throttle,  because 
the  main  carburetor  proper  is  of  the  automatic  air- valve  class.  The 
same  result  is  attained  on  page  348  (1,104,560,  July  21,  1914,  Shoo- 
bridge  &  Gunstone),  by  drifling  the  walls  and  leading  through 
these  holes  both  fuel  air  to  the  stem  of  the  throttle,  rotation  of  the 
stem  acting  as  a  valve  with  reference  to  the  holes  in  it  and  the  walL 
A  different  construction  again  is  shown  on  pages  348  and  349. 
(1,166,308,  Dec.  28, 1915,  Arquembourg.) 

Siibclaas  103 — Multiple  carbvnretor^  'progressive^  by  throttle^  with 
individual  automatic  air  inlet  regulating  valves. — ^This  is  the  sub- 
class of  multicarburetors  with  automatic  air  valves  with  throttle  con- 
trol of  succession,  and  as  arranged  on  page  350  (871,741,  Nov.  19, 
1907,  Sturtevant  &  Sturtevant),  there  are  two  units  connected  to 
a  three-ported  throttle  by  means  of  which  either  the  large  or  the 
small  one,  or  both,  may  be  brought  into  action.  Five  carburetors, 
each  with  fixed  fuel  inlet  and  swing  type  automatic  air  inlets,  are 
brought  in  successively  by  the  rotation  of  a  cylindrical  sleeve  throttle 
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on  pages  850  and  851.  (881,616^  Mar.  10,  1908,  Krebs.)  Rotatiai 
of  a  large  barrel  throttle  brings  m  four  units  on  pages  351  and  352 
(891,219,  June  16,  1908,  Menus),  but  here  there  is  added  at  the  end 
of  the  throttle  a  common  automatic  secondary  air  valve.  Three 
units  arranged  radially  in  a  taper  air  passage  with  three  radial 
partitions  are  controlled  by  a  rotating  throtue  disk;  each  one  is 
supplied  with  primary  and  secondary  air,  both  vacuum  controlled 
in  the  form,  page  852.  (1,001,950,  Aug.  29, 1911,  Hart.)  A  pair  of 
plain  secondary  air- valve  carburetors  are  arranged  side  by  side, 
using  one  float  dbiamber  and  each  with  its  own  throttle,  on  page  353 
(1,152,031,  Aug.  31,  1915,  Lobdell),  but  the  throttles  are  so  linked 
together  as  to  bring  about  the  action  of  each  in  succession. 

Subclass  104 — Multiple  carburetor^  progressive  by  vacuum^  with 
individual  osutomatic  air  inlet  regulating  verves. — Ju^  as  with  single 
carburetors  vacuum  control  of  any  regulating  valve  in  a  carburetor 
intended  for  general  service,  including  variable  speed  engines,  is 
more  logical  than  throttle  control,  so  here  in  the  control  of  succes- 
sion of  multiple  carburetors  the  same  should  be  true.  This  being 
the  case,  the  present  subclass  is  Of  greater  interest  than  the  preceding 
one  though  any  good  features  of  one  could  be  worked  into  the  other 
by  a  designer,  if  an  automatic  air- valve  carburetor  worked  as  a  self- 
compensating  device  then  there  would  seem  to  be  no  need  for  mul- 
tiple carburetors  of  this  class  and  there  are  not  many.  One  of  these 
is  shown  on  page  354  (1,040,414,  Oct,  8,  1912,  Rettig),  where  three 
automatic  air- valve  carburetors  are  arranged  around  one  float  cham- 
ber, each  air  valve  not  only  regulating  the  fuel  flow  vacuum  of  its 
own  chamber  but  also  opening  the  discharge  from  it  The  vacuum  at 
the  outlet  thus  becomes  the  main  lifting  factor  in  the  air- valve  move- 
ment instead  of  the  air  flow  between  it  and  the  fuel  nozzle.  Another 
of  this  class  is  shown  on  jjage  354  Q,108,245,  Aug.  25,  1914,  Scheb- 
ler)  with  one  main  fuel  jet  in  a  nxed  air  passage  and  automatic 
secondarjr  air,  but  having  in  addition  five  high  level  high-speed  jets 
brought  in  when  the  vacuum  lifts  the  several  corresponding  air 
valves. 

Subclass  10.6—Standpipes.^On  page  355  (961,481,  June  14, 1910, 
Carter)  is  shown  a  fuel  standpipe  in  a  fixed  primary  air  inlet  to 
which  is  also  attached  a  secondary  air  valve,  thus  providing  a  double 
compensation.  An  increase  in  tne  size  of  the  primary  air  inlet  and 
a  tapered  form  for  it  surrounding  the  standpipe  is  diown  on  page 
356  r  1,010.116,  Nov.  26,  1911,  Carter),  to  which  is  also  added  a  low 
speed  or  ialing  lifting  tube  and  a  lowest  level  separate  jet  in  action 
all  the  time.  The  secondary  autoonaJtic  9wing-type  air  valve  is  re- 
tained. Another  form  of  standpipe  with  one  fixed  and  one  auto- 
matic air  inlet  is  shown  on  page  356  (1,133,527,  Mar.  30, 1915,  Ben- 
nett), which  has  some  other  mtenesting  features  to  adapt  it  to  heavy 
fuels.  One  ia  a  water  inlet  beyond  the  fuel,  and  the  other  is  an  ex- 
haust-h^iajted  jacket  for  t^e  float-chamber  howl  and  the  interior  of 
the  liquid  standpipe. 

Subclass  10.16 — Mixed  -flow. — ^Two  fuel  inlets  arranged  on  oppo- 
site sides  of  a«  cylindrical  air  passage  fitted  with  a  single  air  vaive 
are  provided  with  mixed  flow  compensation  on  page  357.  (1,168,513, 
Jan.  18,  1916,  Kingston.)  Each  ruel  inlet  has  the  accelerating  cup 
enlargement  of  its  mixed  flow  air  passage,  previously  noted  in  sev- 
eral other  casea    The  air  or  throttle  valve  is  thick  and  more  or  less 
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ellipsoidal,  so  that  when  closed  it  fills  the  passage  completely  shut- 
ting off  one  fuel  inlet  but  allowing  the  other  to  act  for  idling  by  a 
notch  opening. 

Class  11 — Carburetors^  proportioning  flow^  aspirating^  single  or 
wAdtiple  fuel  inlets  with  regulating  valves^  single  or  mtdtivle  fixed 
air  inlets. — All  the  classes  and  suliclasses  so  far  examined  nad  fuel 
inlets,  the  area  of  which  did  not  vary  with  flow,  all  changes  of  fuel 
flow  were  necessarily  the  result  of  corresponding  changes  in  the  vac- 
uum due  to  the  air  flow,  and  any  departure  from  constancy  of  pro- 
portion remained  uncorrected,  or  some  compensation  by  suitable  con- 
trol of  the  air-flow  area  or  the  fuel  head  was  introduced.  The  remain- 
ing classes  and  subclasses,  beginning  with  this  one,  are  all  characterized 
by  regulating  fuel  valves,  however  actuated  or  associated  with  air 
inlets,  fixed  or  valved  for  regulation.  This  class  itself  includes  all 
cases  of  regulating  fuel  valves  used  in  conjunction  with  fixed-air 
passages.  It  is  clearly  possible  to  secure  proportionality  or  proper 
compensation  by  varying  the  fuel-inlet  area,  increasing  it  where  the 
flow  is  insufficient  due  to  a  low  air  vacuum,  and  decreasing  it  other- 
wise, but,  as  in  other  cases,  the  real  i)roblem  is  one  of  degree,  because 
the  area  adjustment  must  be  just  right  in  amount.  Moreover,  the 
fuel-inlet  area  is  always  extremely  small  in  proportion  to  that  for 
the  air,  and  especially  so  in  carburetors  where  a  very  high  vacuum 
is  used  to  induce  flow,  so  that  any  fuel-inlet  adjustment  must  be 
extremely  precise  and  fine  in  comparison  with  an  equivalent  air-area 
adjustment. 

The  cases  of  this  class  are  grouped  under  several  subclasses  and 
will  be  examined  under  their  several  group  headings. 

Subclass  11 J — Single  fuel-inlet  valve^  throttle  control. — On  pace 
359  (727,972.  May  12, 1903,  Kingston)  rotation  of  the  barrel-throtfle 
lifts  the  fuel-needle  valve  by  rotating  it  in  its  fixed  screw-threaded 
casing.  No  direct  reliance  is  placed  on  vacuum  control  of  propor- 
tionality, but  the  idea  is  that  proportionality  of  flow  should  follow 
proportionality  of  areas  provided  for  fuel  and  air  or  mixture  flow, 
respectively,  which,  of  course,  is  not  feasible  at  all  for  variable  speed 
engines  and  questionable  even  for  those  of  constant  speed.  The 
same  idea  is  mvolved  in  the  form  on  page  359  (873,392,  Dec.  10, 
1907,  Stoker) ,  where  the  fuel-needle  valve  is  lifted  by  a  link  from  the 
throttle  as  the  latter  opens,  and  on  page  359  (1,055,042.  Mar.  4, 1913, 
Higgins) ,  which  has  an  iris  throttle  and  an  adjustable  fulcrum-needle 
valve-lifting  lever.  A  rotating  fuel  valve  reflating  three  fuel  inlets, 
equivalent  to  one,  by  a  throttle  linkage  is  shown  on  page  859 
(1,120,183,  Dec.  8,  1914,  Duff),  and  having  as  well  a  throttle- 
controlled  secondary  air  inlet.  Another  form  that  merely  illustrates 
the  cam  idea  of  securing  any  desired  numerical  relation  between  the 
fuel  area  and  that  for  air  or  mixture  flow  is  shown  on  page  860 
(1,124,697,  Jan.  12,  1916,  Carter). 

Subclass  11£ — Single  fuel  irdet^  independently  controlled  by  air 
flow  or  vacumru — ^One  fairly  old  case,  that  on  page  361  (725,741, 
Apr.  21,  1903,  Miller),  indicates  an  appreciation  of  the  desirability 
or  regulating  the  fuel  flow  by  adjusting  its  area  to  some  prime  van- 
able  of  air  now.  In  this  case  air  volume  and  velocity  constitute  the 
variable  to  actuate  a  fan-blade  type  of  air  motor,  which  in  turn  ro- 
tates a  flyball  governor,  and  this  m  lifting  opens  the  fuel  needle,  a 
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somewhat  roundabout  procedure  rather  full  of  mechanical  diffi- 
culties. A  more  direct  action  is  provided  in  the  form  on  page  861 
(746,119,  Dec.  8,  1903,  Longumare  &  Longumare),  where  the  fuel 
needle  is  lifted  by  a  perforated  flow  disk  raised  by  air  velocity,  the 
lift  of  which  can  not  oe  graduated  j)roperly  without  some  more  defi- 
nite provisions  than  shown,  in  fact  it  is  questionable  whether  this  is 
a  regulating  needle  at  all  or  merelj  a  fuel  stop  or  check  valve  of 
class  1.  A  long  tapered  fuel  needle  is  actuated  by  the  vacuum  beyond 
the  throttle  or  air  valve,  by  a  sort  of  bellows  type  of  diaphragm,  on 
page  361.  (1,065,503,  June  24^  1913,  Byron.)  The  fuel  valve  is 
placed  before  the  air  valve  which  acts  as  throttle,  and  a  series  of 
mixing  baffles  are  located  beyond  for  mixing.  The  case  is  interesting 
mainly  as  an  example  of  direct  vacuum  control  of  a  fuel-needle 
valve. 

Subclass  11 J — Mixed  flow. — One  case  only  will  serve  to  illustrate 
mixed  flow  compensation,  in  connection  with  a  regulating- fuel  valve 
having  the  same  object,  that  on  page  362.  (771,096,  Sept.  27,  1904, 
Richard.)  The  fuel  valve  is  a  rotating  plug,  ffear  connected  to  the 
throttle,  fuel  from  the  float  chamber  ana  air  from  the  main  intake 
are  brought  to  a  common  point,  flowing  together  to  the  fuel  nozzle 
as  the  fuel  valve  may  permit  a  somewhat  queer  complexity. 

Class  12 — Carhv/retora^  proportioning  -flow^  aspirating^  single  fuel 
and  air  inlets^  both  with  reguZating  valves. — ^In  point  of  numoers 
this  is  about  the  largest  of  tne  classes,  indicating  the  popularity  of 
the  idea  of  control  of  both  Quantity  and  proportionality  by  two 
valves,  one  for  fuel  and  the  otner  for  air,  by  their  respective  areas. 
As  a  class  it  is  both  old  and  new,  the  difference  bein^  in  the  means 
of  actuating  the  two  valves  or  in  relating  them  to  each  other  as  will 
appear  in  the  subclasses,  some  of  which  are  typically  old,  and  others 
mainly  recent.  In  many  cases  the  idea  of  flow-area  control  of  quan- 
tities has  led  to  a  neglect  of  the  equally  potent  influence  of  vacuum, 
put  in  general  such  mistakes  belong  to  the  older  cases  though,  or 
course,  some  persist  as  inventors  are  not  necessarily  well  informed. 

A  few  cases  are  grouped  under  the  general  headings  because  of 
difficulty  in  meeting  the  subclass  definitions  with  precision,  and  one 
of  these  is  shown  on  page  370.  (973,855,  Oct.  25,  1910,  Cannon.) 
A  rotating  sleeve  throttle  for  a  fixed  air  passage  moves  a  rotating 
cap  over  an  arc-shaped  fuel  slot  to  regulate  the  fuel  valve  with  the 
throttle,  but  auxiliary  air  is  admitted  through  another  throttle  port, 
after  passing  an  automatic  valve,  controlled  by  the  exhaust  back 
pressure  or  a  pump  delivery  pressure,  acting  on  a  diaphragm. 
Another  such  mixed  case  is  that  on  page  370  (1,045,251,  Nov.  26. 
1912,  Bourne) ,  where  the  essential  feature  is  a  level  tilting  control 
of  a  fuel-needle  valve  by  a  pendulum,  as  the  body  of  the  carburetor 
changes  level.  On  page  370  (1,061,995,  May  20,  1913,  Erickson), 
the  mel  and  air  valves  are  controlled  together,  partly  by  the  vacuum 
and  partly  by  a  centrifugal  ball  governor  driven  by  an  air  motor  in 
the  main  stream.  A  power-driven  shaft  carries  a  fan  and  a  cen- 
trifugal ball  governor,  the  former  controlling  the  air  drawn  through 
an  automatic  valve,  and  the  latter  controlling  the  fuel  needle,  as 
shown  in  the  combination  shown  on  page  371  (1,123,876,  Jan.  6, 
1915,  Hiddleson),  which  is  somewhat  qu^ionable  as  a  proportion- 
ing flow  carburetor,  but  suggestive. 
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Two  ideas  are  illustrated  in  the  costruction  on  page  371  (1,169,574, 
Jan.  26,  1916,  Schulz),  a  recent  case — ^first,  the  combination  of  the 
throttle  and  the  automatic  air-inlet  valve  carrying  the  fuel  needle, 
and.  second,  the  formation  of  a  series  of  more  or  less  parallel  thin 
bames  to  act  as  fuel  lifters  and  sprajrers.  With  reference  to  the 
latter  point,  it  is  clear  that  some  definite  means  of  lifting  the  fuel 
above  the  air  valve  and  throttle  from  the  fuel  nozzle  is  necessary, 
because  the  nozzle  is  located  in  a  region  of  very  low  vacuum  and  low 
air  velocity.  Here  the  baffles  serve  as  inclined  planes  up  which 
the  fuel  is  swept  by  the  air  flow  concentrated  between  them  and 
moving  at  velocities  that  do  not  vary  as  much  as  in  the  main  air 
passage,  because  as  air  flow  increases  and  the  valve  lifts,  more  of 
these  cross-flow  passages  come  into  action.  While  the  proportion- 
ality characteristics  oi  this  air  valve  is  free,  the  interference  with  its 
Uft  by  the  cam  acting  on  the  stem  to  serve  as  throttle  reduces  the 
case  to  one  of  throttle  control  with  different  proportionality  charac- 
teristics. 

Suhcla88  12 J — Valved  fttel  inlet  beyond  air-inlet  valve  acting  a» 
throttle^  fuel  valve  controlled  by  air  valve. — ^Mechanically,  this  is 
a  very  simple  combination,  applicable  to  only  constant-speed  engines 
with  any  hope  of  success,  but  not  at  all  useful  for  variable-speed  en- 
gines, as  the  variations  of  vacuum  on  the  fuel  inlet  tend  to  upset  and 
interfere  with  area  adjustments.  One  of  the  early  cases  intended  for 
stationary  engines  is  that  on  page  372.  (623,568,  Apr.  25,  1899, 
Secor.)  This  has  two  cocks,  one  for  fuel  and  one  for  air,  controlled 
by  the  governor  and  linked  together.  A  rotating  slide  air  valve 
linked  to  a  lifting  fuel  needle  produces  similar  results,  as  shown  on 
page  372.  (654,894,  July  31,  1900,  Hasbrouck.)  A  rotating  screw- 
threaded  fuel  needle  linked  to  an  air  plug  cock  is  shown  on  page 
372  (695,060,  Mar.  11, 1902,  Krastin),  and  a  screw-threaded  rotating 
air  valve  carrying  a  fuel  needle  valve,  both  moving  together  toward 
or  away  from  their  respective  seats  fixed  in  the  casing,  is  shown  on 
page  372  (711,902,  Oct.  21,  1902,  Leppo  &  Leppo).  A  rotating 
cylindrical  sleeve  form  of  air  valve  carrying  a  fuel  needle  threaded 
into  a  fixed  seat  is  the  mechanism  on  page  373.  (745,063,  Nov.  24, 
1903,  Jenness.)  Two  long  taper  valves,  one  for  air  and  the  other 
for  fuel,  fastened  together  and  moved  mechanically  as  one,  constitute 
the  form  on  page  373.  (791,810,  June  6,  1905,  Orr.)  A  screw- 
threaded  fuel  valve  geared  to  a  rotating  air  slide  is  shown  on  page 
373.  (816,477,  Mar.  27,  1906,  Kellogg.)  A  tapering  arc  slot  form 
of  fuel  valve  on  a  rotating  spindle  has  a  cam  connection  to  a  swing 
type  of  air  valve,  in  the  lorm  shown  on  page  374.  (909,490,  Jan. 
12,  1909,  Westaway.)  The  iris  air  valve  linked  to  a  threaded  fuel 
needle  is  shown  on  page  374.     (926,039.  June  22, 1909,  Warren.) 

Adaptability  of  the  fuel  valve  linked  to  an  air  valve  in  front  of 
it,  to  the  two-cycle  engine  transfer  port  is  shown  on  page  374. 
(1,013,955,  Jan.  9,  1912,  Roberts.)  In  this  case  the  air  valve  is  of 
the  curved  swing-check  form,  and  the  fuel  inlet  is  located  in  a  bend 
so  that  the  passing  air  always  sweeps  the  fuel  nozzle.  This  arrange- 
ment, like  many  others  illustrated,  keeps  the  crank  case  free  of  mix- 
ture, a  matter  of  very  considerable  importance  with  the  less  volatile 
fuels.  A  long  tapered  fuel  needle  carried  in  the  stem  of  an  air 
poppet  valve,  flat  seated,  both  moving  mechanically  as  one,  is  shown 
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on  pace  875.  (1,028,723,  June  4,  1912,  Hezinger.)  Another  form 
of  tne  longer  tapered  fuel  needle  carried  by  a  flat-seated  air  valve  but 
of  different  shape  is  shown  on  page  375.  (1,086,594,  Feb.  10,  1914, 
Croldberg.)  Still  another  such  rael  valve,  but  associated  with  a 
tapered  air  valve,  is  shown  on  pages  375  and  376.  (1,145,824,  July  6, 
1915,  Udale.)  A  cam  coimection  of  fuel  needle  to  a  barrel  air  valve 
is  shown  on  page  376.     (1,172,695,  Feb.  22,  1916,  Heath  &  Taylor.) 

The  present-day  tendency  to  seek  fuel  passages  having  definite 
regular  flow  laws  to  be  associated  with  structures  giving  similarly 
dennite  relations  between  flow  and  vacuum  is  again  illustrated  in  the 
following  case  of  another  form  of  capillary  ftiel-flow  passage,  the 
outlet  from  which  is  controlled  by  a  fuel  valve  moving  with  the  air 
valve.  On  pages  376  and  377  (1,190,124,  July  4, 1916,  Lukacsevics  & 
Terrill)  a  fibrous  p%^  is  inserted  in  the  ports  of  the  annular  fuel 
passage,  resisting  the  fuel  flow  under  the  influence  of  the  vacuum  so 
that  it  follows  the  capillary  law  with  respect  to  pressure,  the  exposed 
fuel-flow  area  varies  with  the  air-flow  area  by  the  movement  of  a  pair 
of  sleeve  valves. 

Svhclasa  123 — VcHved  fuel  inlet  between  air  inlet  valve  and 
throttle^  both  fuel  and  air  valves  controlled  by  the  throttle. — The 
location  of  the  fuel  inlet,  typical  of  this  class,  between  the  air  valve 
and  the  throttle  represents  a  conscious  effort  to  control  the  vacuum 
at  the  fuel  valve  as  it  could  not  be  controlled  in  the  last  subclass,  but 
the  linkage  of  both  the  air  and  the  fuel  valve  to  the  throttle,  while 
giving  somewhat  better  control,  is  poorly  adapted  to  variable-speed 
engines  though  quite  a  satisfactory  and  much-used  arrangement  with 
stationary  engines. 

A  rotating  cylindrical  barrel  with  two  opposite  ports,  one  for  air 
and  the  other  serving  as  throttle  with  the  xuel  inlet  in  its  body  and 
a  threaded  fuel  valve  actuated  by  the  same  movement,  is  one  very 
simple  form  of  this  tjrpe  and  is  shown  on  page  378.  (795,357,  July 
25,  1905,  Maxwell.)  Two  poppets,  one  air  and  one  throttle,  with  a 
fuel  needle  valve  between,  are  all  operated  together  bv  cams  on  page 
378.  (805.979,  Nov.  28, 1905,  Menges.)  The  combination  of  a  dam- 
per throttle  with  a  cam-actuated  fuel  needle  and  a  rotating  flat  air 
valve  is  shown  on  pages  378  and  379.  (848,425,  Mar!  26, 1907,  Ander- 
son.) Another  case  of  sleeve  barrel,  acting  as  air  valve  and  throttle 
on  opposite  edges,  is  shown  on  page  379  (883,740,  Apr.  7,  1908, 
Poppe)  with  a  slide  form  of  fuel  valve  in  the  center.  Two  damper 
valves  and  a  threaded  fuel  needle  between  them  are  shown  linked 
together  on  page  379.  (910,326,  Jan.  19,  1909,  Stevenson.)  An  old 
form  of  annular  tapered  air  valve  linked  to  a  damper  throttle  and 
carrying  a  fuel  needle  actuating  cam.  is  shown  on  page  379.  (983,247, 
Jan.  31, 1911,  Miller.)  A  series  of  tnree  linked  dampers  with  a  cam- 
actuated  fuel  needle  is  shown  on  page  380  (1,011,696,  Dec.  12,  1911, 
IVinton)  with  a  by-pass  air  and  rue!  passage  leading  to  a  point  be- 
tween the  second  and  third  dampers  as  an  idling  yet.  Two  dampers 
on  the  same  spindle  with  the  fuel  inlet  in  a  return  bend,  its  valve 
being  cam  connected  to  the  air  and  throttle  spindle,  is  shown  in 
1,033,886,  July  30, 1912,  Gentle. 

A  piston  suding  in  a  cylindrical  passage  with  side  ports  acts  as 
both  air  valve  and  throttle,  and  moving  on  a  ported  hollow  rod  which 
is  the  fuel-supply  passage,  successively  opening  a  series  of  holes  to 
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increase  the  fuel  area  is  illustrated  on  pages  880  and  381.  (1,080,815, 
Dec.  9,  1913,  Everest.)  A  rotating  cylindrical  sleeve  acting  as  air 
valve  and  throttle  is  shown  on  page  381.  (1,085.003,  Jan.  20,  1914, 
Austin),  carrying  a  fuel  valve  cam  on  one  edge  lormed  by  tapering 
it.  Another  multiported  fuel  valve,  this  time  with  a  helically  slotted 
^eeve  linked  to  a  pair  of  damper  valves,  is  shown  on  page  381. 
(1,126,069,  Jan.  19, 1915,  Coulter.)  The  combination  of  long  tapered 
fuel  needle  and  tapered  air  throat,  with  the  air  valve,  the  needle,  and 
the  throttle  moving  together  is  shown  on  pages  381  and  382.  (1,143,- 
511.  June  15, 1915,  Cox.)  A  later  form  of  oie  plug  valve  serving  as 
botn  air  valve  and  throttle  with  a  fuel  inlet  in  the  middle  is  shown  on 
pages  382  and  383.  (1,183,587,  May  16, 1916,  Parkin.)  In  this  case 
the  fuel  has  the  sliding  sleeve  form,  is  cam  operated,  and  a  separate 
idling  jet  is  provided,  leading  directly  from  tl^  float  chamber.  It  is 
interesting  to  compare  this  with  the  early  case  on  page  378  (795,357, 
Maxwell) . 

Subclass  J£Jj  valved  fuel  inlet  at  or  in  front  of  air  valve  actmg 
as  throttle,  fuel  valve  controlled  by  air  valve. — ^Wnen  the  fuel  inlet 
is  in  front  of  the  air  valve  or  just  in  line  it  receives  none  of  the 
vacuum  due  to  air  entrance  which  is  so  high  when  the  valve  is  closed, 
and  which  makes  fuel  regulation  so  difficult.  Located  thus,  the  fuel 
flow  is  induced  wholly  by  the  velocity  head  vacuum  of  the  air  or  sub- 
stantially so,  and  the  addition  of  a  fuel  valve  gives  wider  scope  in 
location  and  compensation,  though  it  is  clear  that  there  is  no  essential 
relation  between  the  two  areas,  air  and  fuel,  when  the  speed  is  vari- 
able. On  pa^  384  (930,724,  Aug.  10,  1909,  Boore)  rotating  slotted 
cone  acts  as  air  valve,  and  its  movement  also  actuated  the  fuel  valve 
which  is  in  front  and  receives  only  the  vacuum  of  air  flow  before  en- 
trance. One  odd  form  is  that  on  page  385  (977,044,  Nov.  29,  1910, 
Eebourg),  where  a  warped  surface  constitutes  a  variable  tapered 
throat  at  the  small  diameter  of  which  the  fuel  inlet  is  located.  The 
fuel  valve  of  sleeve  type  is  actuated  by  the  same  movement  as  varies 
the  air  throat.  A  fuel  needle  valve  is  attached  ,to  an  air  slide  on 
page  385  (1,053,136^  Feb.  11,  1913,  Daellenbach),  and  operated  with 
the  throttle,  but  it  is  not  clear  how  this  can  have  any  influence.  A 
recent  form,  thai  on  pages  385  and  386  (1,184,923,  May  30,  1916, 
Carter),  provides  a  cam  connection  between  the  fuel  needle  and  a 
damper,  but  adds,  what  is  characteristic  of  the  later  days  of  heavy 
fuel,  a  low-speed  lifting  tube  for  the  main  jet  above  the  throttle. 

Subclass  1£4 — VaZved  fuel  inlet  between  automatic  air  inlet  valve 
and  throttle,  fuel  valve  controlled  by  throttle. — ^Air  admission  through 
an  automatic  valve  is  the  direct  means  of  preventing  much  rise  of 
vacuum  beyond  it  as  air  flow  increases,  and  if  gravity  loaded  the 
rise  may  be  regarded  as  practically  nothing,  though,  of  course,  variably 
loaded  valves  with  springs  may  be  made  to  build  up  vacuum  to  any 
desired  degree.  Association  of  a  fuel  valve  with  an  automatic  air 
inlet  is  a  logical  thing,  especially  so  if  the  valve  is  of  the  sort  that 
limits  the  vacuum  change  to  a  small  value,  because  in  this  case  the 
vacuum  will  not  increase  enough  with  air  flow  to  produce  a  sufficient 
fuel  flow,  so  an  increase  of  fuel-flow  area  is  the  natural  and  proper 
correction.  It  is  not,  however,  at  all  logical  to  associate  this  fuel- 
valve  movement  and  flow-area  increase  with  the  throttle,  because 
throttle  position  does  not  determine  flow  rate  any  more  than  speed  in 
general  practice,  though,  of  course,  there  is  a  closer,  indirect  relation 
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for  the  constant-speed  class  of  engine.  This  being  the  case,  one  would 
expect  the  carburetors  of  this  class  to  be  design^  for  constant-speed 
engines  only,  yet  such  is  not  the  case. 

In  the  form  shown  on  page  887  (755,074,  Mar.  22, 1904,  Sturtevant 
&  Sturtevant)  air  enters  t&ough  an  automatic  spring-loaded  valve, 
and  the  fuel  needle  is  linked  to  the  throttle.  A  separate  fuel  and  air 
inlet  for  idling  by-passes  the  throttle.  An  illustration  of  the  station- 
ary-engine adoption  of  this  sort  of  arrangement  is  given  on  page  387 
(947,633,  Jan.  25, 1910,  Brady),  where  an  ordinary  fly-ball  governing 
throttle  on  the  mixture-inlet  pipe  has  also  a  connection  to  the  fuel 
valve,  so  throttle  and  fuel  valve  vary  together,  air  entering  the  mixing 
chamber  through  an  automatic  air-check  valve.  This  case  also  illus- 
trates the  heatmg  of  such  a  mixing  chamber  by  exhaust  gases  to 
promote  vaporization,  which  when  carried  out  to  tne  necessarv  degree 
Decomes  a  means  of  conversion  of  a  gasoline  into  a  heavier  oil  engine. 
A  direct  cam  connection  between  a  damper  throttle  and  the  fuel 
needle  is  shown  on  page  388  (961,590,  June  14, 1910,  England),  with 
an  automatic  air  imet.  Another  form  involving  double-swing  type 
of  automatic  air  valv6s,  and  a  sliding  form  of  luel  valve  formed  by 
a  slot  in  a  sleeve  with  sliding  plunger  operated  from  the  throttle, 
is  shown  on  page  388.  (1,066,608,  July  8,  1913,  Harris.)  Aji  ar- 
rangement of  the  air  inlet  to  develop  the  maximum- velocity  action  at 
the  let  without  flow-entrance  resistance  and  its  building  up  of  vacuum 
is  shown  on  pages  388  and  889.  (1,042,982  originally,  reissued  as 
13,837,  Dec.  1,  1914,  Sliger.)  Location  of  the  fuel  valve  within  the 
stem  of  the  throttle,  associated  with  an  automatic  main  air-inlet 
valve,  is  illustrated  on  page  389.    (1,132,814,  Mar.  16^  1915,  Eiker.) 

Subclass  12.6 — valved  fuel  inlet  between  autamatto  air-inlet  valve 
a/nd  throttle,  fuel  valve  controlled  by  automatic  air  valve. — As  a 
simple  logical  arrangement  for  securmg  not  only  the  desired  pro- 
portionality control  but  also  the  least  entrance  resistance  and  maxi- 
mum density  of  mixture,  nothing  appeals  so  directly  and  strongly 
as  this.  The  large  number  of  cases  m  the  subclass  is  itself  an  indi- 
cation that  this  fact  is  becoming  api)reciated,  especially  as  so  many 
are  comparatively  recent,  and  there  is  every  evidence  that  this  sub- 
class will  displace  in  interest  and  use  the  former  popular  subclass, 
8.2,  of  fixed  fuel  and  primary  air  with  automatic  secondary  air. 

While  the  general  idea  of  actuating  a  fuel  valve  by  an  automatic 
air  valve  is  very  old,  the  germ  being  found  in  those  cases  of  class  1 
developed  directly  from  the  natural-gas  mechanism  of  stationary 
engines  and  first  used  with  pressure  fuel  supplies.  The  appreciation 
of  requirements  for  suitable  and  proper  graduation  in  the  interest 
of  proportionality  and  least  pressure  drop  is  comparatively  recent, 
and  its  growth  can  be  traced  in  the  cases  of  this  subclass  fairly  well. 

The  first  case,  that  on  page  390  (770,559,  Sept.  20,  1904,  Clay), 
shows  a  spring  loaded  aii*  check  valve  with  the  fuel  valve  in  front 
of  it  where  the  vacuum  inducing  fuel  flow  is  veiy  small,  but  the 
mixture  entering  the  air  valve  suffers  a  considerable  and  increasing 
pressure  drop.  However,  the  long  taper  needle  now  generally  called 
a  "metering  pin"  is  clearly  shown,  and  the  valve  seat  has  a  small 
angle  taper  showing  an  understanding  of  the  relation  between  axial 
movement  and  area  and  the  necessity  for  considerable  movement  for 
precise  graduation.    Many  later  forms  fail  in  some  of  these  points  of 
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construction.  An  indirect  movement  of  a  common  form  of  fuel 
needle  through  a  cam  by  a  spring-loaded  automatic  valve  is  shown 
on  page  390.  (807,479,  Dec  19, 1905,  Ma^on. )  On  page  390  (818,853, 
Apr.  24,  1906,  Renault)  a  form  of  sliding  fuel  valve  is  used, 
but  the  automatic  air  valve  is  gravity  loi^ed  as  is  proper  for 
the  case,  and,  even  though  it  has  uiarp  ed^es  with  a  low  coefficient 
of  efflux,  it  is  provided  with  a  lon^  sli^t  taper  seat,  the  good 
effects  of  which  are  largely  destroyed  by  the  restriction  about  the 
spraying  cone.  A  return  to  the  long  fuel-metering  pin  and  its 
association  with  a  gravity-loadjsd  long-taper  automatic  air  valve 
is  shown  on  page  391.  (826,531,  July  24,  1906,  Briest.)  A  gravity 
swing  check  actuating  an  ordinary  needle  is  shown  on  page  393 
(892,155,  June  30,  1908,  Hodges),  and  a  lever-operated  metering  pin 
linked  to  a  spring-loaded  automatic  air  valve  on  page  393  (926,818, 
July  6,  1909,  Carlson).  Another  form  of  swing  air  check,  gravity 
loaded,  is  shown  on  page  393  (895,709,  Aug.  11,  1908,  Abemethy  & 
Abemethy),  this  time  associated  with  a  rotating  plug  fuel  valve, 
that  constitues  the  spindle  of  the  air  valve.  A  fuel  valve  consisting 
of  a  pair  of  flat  sector  slides  moving  over  a  circular  row  of  fuel 
orifices  is  shown  on  page  393.  (941,424,  Nov.  30,  1909,  Leonard.) 
The  fuel  valve  movement  is  produced  by  a  helically  twisted  stem 
of  the  spring  loaded  automatic  air  valve  as  it  lifts.  An  annular 
automatic  air  valve,  sprint  loaded,  is  shown  as  lifting  a  very  long 
fuel-metering  pin,  at  the  lower  end  of  which  is  a  dash  pot  piston 
in  the  fuel  on  page  394.    (971,038,  Sept  27, 1910,  Gulick.) 

The  problem  or  lifting  the  fuel  in  such  low-velocity  air  streams  as 
are  typical  of  this  class  is  recognized  on  page  395  (984,874,  Feb.  21, 
1911,  Winton),  which  places  the  fuel  valve  at  a  high  point  and  op- 
erates it  by  a  yoke  from  the  stem  of  a  spring-loaded  air  valve  with  a 
liquid  dasnpot.  This  same  lifting  problem  is  attacked  differently 
on  page  395  (995,623,  June  20, 1911,  Miller),  which  has  the  low-speed 
Uftmg  tube  above  the  throttle  as  found  in  other  classes.  Here  the 
automatic  air  valve  is  of  the  swing-check  form  and  operates  the  fuel 
valve  by  a  <!am.  A  piston  foim  of  gravity-loaded  automatic  air 
valve  carrying  a  fuel-metering  pin  on  one  side  and  having  a  separate 
low-speed  fixed  jet,  is  shown  on  page  395.  (1,006,411,  Oct.  17,  1911, 
Scott.)  A  long-taper  cavity-loaded  air  valve  rising  in  a  narrow  seat 
and  guided  by  a  fixed  central  spindle  carries  a  tube  at  the  lowest 
point  of  its  stem,  into  which  projects  a  fixed  tapered  fuel  pin,  as 
shown  on  page  396.  (1,010,003^  Nov.  28,  1911,  Stewart.)  The  lift- 
ing problem  is  attacked  by  passmg  scHne  air  directly  across  the  fuel- 
lifting  tube  to  produce  die  necessary  aspirating  effect.  The  stem 
itself  contitutes  a  dashpot  plunger.  On  pace  396  (1,032,307,  July 
9,  1912,  Stewart)  the  metering  pin  is  mpvea  to  th^  air-valve  head 
and  the  fuel  is  discharged  through  radial  holes  into  the  stream  of 
air,  while  on  page  396  (1,049,417,  Jau.  7,  1913,  Stewart)  the  fuel 
valve  is  locatea  in  a  side  pocket  open  to  the  atmosphere  and  is  actu- 
ated from*  the  air  valve  by  a  lev^r.  From  this  pocket  all  the  meas- 
ured fuel  and  some  atmospheric  air  that  has  not  been  measured  by 
the  air  valve  are  carried  above  the  throttle,  being  heated  by  the  ex- 
haust on  the  way.  Of  course,  with  a  wide-open  throttle  and  low 
engine  speeds  theiie  is  no  assurance  that  there  would  be  sufficient 
vacuum  to  kft  fuel  in  this  way  as  high  as  might  be  necessary. 
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A  lonff  metering  pin  fixed  in  a  lon^-taper  hollow  air-valve  stem, 
gravity  loaded,  discnargea  its  fuel  directly  into  the  air- valve  seat 
where,  of  course,  the  velocitv  is  greatest  on  pages  396  and  397. 
(1,050,059,  Jan.  7,  1913,  Gould.)  An  odd  form  of  gravity-loaded 
air  valve,  lifted  indirectly  by  the  vacuum,  is  shown  on  page  397 
(1,088,231,  Feb.  24, 1914,  Lawrence),  which  carries  the  metering  pin 
on  its  end  directly  in  the  air  path.    On  page  397  (1,116,951,  Nov.  8. 

1914,  Martin)  the  fuel  inlet  is  in  the  form  of  a  straight  slot  exposea 
in  varying  degree  by  a  piston  form  of  automatic  air  valve,  spring 
loaded.  The  metering  pin  itself  is  formed  on  the  end  of  the  air- 
valve  stem  on  page  398  (1,120,128,  Dec.  8,  1914,  Browne)  and  lifts 
by  aspiration  through  the  hollow  portion  of  the  stem  above,  dis- 
charging at  the  air- valve  seat  radially.  An  electrical  fuel  heater  is 
also  provided. 

Two  automatic  air  valves,  both  spring  loaded,  join  their  air  streams 
and  therefore  act  as  one  on  page  398.  (1,123,048,  Dec.  29,  1914. 
Washburn.)  One  of  them  lifts  the  fuel-metering  pin  and  the  fuel 
escapes  into  the  combined  air  stream  at  the  entrance  to  a  sort  of  choke 
tube.  A  recent  case,  on  pages  398  and  399  (1,130,350,  Mar.  2,  1915, 
Thompson),  uses  a  gravity-loaded  hollow  piston  with  tapered  en- 
trance, in  the  center  of  which  is  fixed  a  tapered  plug  carrying  the 
fuel  passage.  The  metering  pin  is  in  its  top  and  lifts  with  the 
piston  through  a  cam,  permitting  the  fuel  to  flow  radially  into  the 
high- velocity  air.  A  pair  of  swing  checks  on  opening  lift  the  meter- 
ing pin,  so  fuel  is  discharged  directly  in  the  path  of  the  high- 
velocity  air  in  the  form  shown  on  page  399.     (1,143,779,  June  22, 

1915,  Pembroke.) 

An  imusual  form  of  heavy  double  air  valve,  gravity  loaded,  with  a 
central  fixed  metering  pin  and  air  valve  seat  discharge,  is  shown  on 
page  399  (1,145,172,  July  6,  1915.  Speed),  also  provided  with  ball- 
valved  dashpot.  Another  case  oi  fixed  central  coincal  taper  plug, 
this  time  with  a  cylindrical  sleeve  valve  lifting  around  it  by  the 
action  of  the  vacuum  on  a  gravity  loaded  annular  piston,  is  shown 
on  page  400.  (1,149,291,  Aug.  10,  1915,  Richard).  The  metering 
pin  is  given  a  peculiar  curved  form  necessary  for  proportionality 
with  this  form  of  air  valve,  instead  of  curving  the  air  valve  itself 
or  its  seat.  A  small  idling  air  hole  is  provid^  at  a  throttle  slide. 
An  adjustably  fixed  metering  pin,  seated  in  a  hole  in  the  stem  of  a 
gravity  loaded  air  valve,  is  shown  on  page  400  (1,159,029,  Nov.  2, 
1915,  Hodges),  the  fuel  lifting  being  accomplished  at  low  speeds  by 
a  fixed  by-pass  for  aspirating  air. 

Direct  lift  of  a  multiorificed  sleeve  form  of  fuel  valve,  by  the  move- 
ment of  a  swing  air  check,  directing  the  air  across  it,  is  illustrated 
on  page  400.  ri,162,680,  Wov.  30,  1915,  Buick.)  Incorporation  of 
the  dashpot  within  the  gravity  air  valve,  and  the  use  o:  mercury  for 
loading  it,  are  illustrated  on  page  401.  (1,172,391,  Jbeb.  22,  1916, 
Sbulz.J  These  features  are  associated  with  a  lever  operated  metering 
pin  at  the  side,  discharging  at  orifices  around  the  air  valve  seat  in 
the  path  of  the  entering  air.  A  case  of  indirect  action  is  that  on 
page  401  (1,179,568^,  Apr.  18,  1916,  Shortt),  which  has  two  dia- 
phragms, one  operatmg  the  air  inlet,  ani  another  valve  in  series  with 
it  having  fuel  orifices  m  its  seat.  A  threaded  needle  valve  is  rotated 
with  the  air  inlet  valve. 
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Subclass  12.& — Y dived  fuel  inlet  "between  air  inlet  valve  and  throt^ 
tle^  fuel  val/i>e  controlled  independently  by  vacuum  or  air  flow.— On 
page  402  (838,085,  Dec.  11,  1906,  Cook)  the  fuel  valve  is  operated 
bv  a  diaphragm,  while  the  air  enters  a  series  of  spring  check  valves. 
The  flow  itself  lifts  the  flow  disk  and  controls  the  lift  of  the  metering 
pin,  on  page  402  (918,607,  Apr.  20,  1909,  Sturses),  air  entering 
through  a  nxed  primary  and  an  automatic  secondary  passage.  Ac- 
tion of  the  vacuum  on  a  piston  moves  the  fuel  valve  on  page  402 
(1,126,159,  Jan.  26, 1915.  Dressel),  the  fuel  entering  the  air  through 
a  nozzle  in  the  path  of  tne  stream  from  an  automatic  air  valve. 

Subclass  i^.T,  variable  float  oTurnnher  j>ressy/re. — ^The  combination 
of  a  ^avity  loaded  automatic  air  valve  actuating  a  long  fuel  meter- 
ing pin,  with  ccHitrol  of  float  chamber  pressure  by  an  adjustable  air 
flow  through  it  to  the  mixing  chamber,  is  illustrated  on  page  403. 
(1,010,066,  Nov.  28,  1911,  Newcomb.)  On  page  403  (1,025,816,  May 
7, 1912,  Lofthouse  &  Booty)  there  is  shown  an  air  inlet  of  gas  holder 
form  with  a  mercury  seal,  the  side  walls  having  slots.  Associated 
with  it  to  move  simultaneously  in  the  opposite  direction  is  a  fuel 
tube  sealed  also  in  mercury  and  with  fuel  floating  on  the  top.  The 
fuel  escapes  by  gravity  through  a  hole  at  whatever  depth  beneath 
the  surface  may  be  fixed  by  the  air  bell.  The  fuel  then  rises  with  the 
air.  The  float  chamber  pressure  is  equalized,  so  the  fuel  flow  will  be 
purely  by  gravity  head. 

Class  IS — Carburetors^  proportioning  fow  aspirating,  single  fuel 
and  multiple  air  inlets,  both  with  regulating  valves. — ^This  is  prac- 
tically a  modification  of  the  common  auxiliary  air  valve  class  by  add- 
ing to  it  a  fuel  valve,  the  action  of  which  is  expected  to  connect  and 
compensate  for  the  deficiencies  of  the  same  combination  without  the 
fuel  valve  and  indicates  a  failure  to  accept  the  fixed  fuel  inlet  with 
its  air- valve  compensators  as  adequate. 

Part  of  the  air  enters  through  an  automatic  valve  leading^  to  a 
throttle-controlled  port  on  page  409  (813,653,  Feb.  27,  19067Tiaw), 
part  enters  directly  through  one  fixed  inlet  as  primary  air,  and  still 
another  part  through  anoflier  fixed  inlet  as  secondary  air.  The  fuel 
valve  is  controlled  by  the  throttle  that  also  controls  such  secondary 
air  as  first  enters  through  an  automatic  valve,  a  somewhat  complex 
combination.  Also  unusual  is  the  arrangement  on  pages  409  and  410 
(817.903,  Apr.  17,  1906,  Comstock),  in  which  the  ftiel  valve  deliver-  , 
ing  fuel  to  the  primary  air  is  controlled  mechanically  with  the  sec- 
ondary air,  the  primary  air  carrying  the  fuel  meets  the  secondary 
diluting  air  at  a  distance  where  the  two  pipes  join  on  top  of  the 
engine.  One  of  the  stationary-engine  schemes  is  illustrated  on  page 
410  (876,519,  Jan.  14,  1908^  Brothers),  having  a  fixed  primary  air 
inlet  and  a  secondary  air  swing  valve  linked  to  a  threaded  fuel  needle 
valve,  both  being  under  governor  control.  It  is  difficult  to  see  how 
such  an  arrangement  in  the  absence  of  a  throttle  could  maintain  any 
definite  proportionality,  because  as  needle  and  secondary  air  valves 
close,  the  vacuum  on  the  primary  air  inlet  must  increase  and  its  flow 
as  well. 

A  fixed  primary  air  inlet  and  automatic  secondary  are  associated 
with  a  fuel  valve  that  lifts  directly  with  the  vacuum  acting  on  a 
piston  at  its  top  on  page  412.  (1,132,934,  Mar.  23,  1915,  Heitger.) 
Anotiiier  power-driven-fan  case,  this  time  falling  in  the  class  of 
single  variable  fuel  and  multiple  variable  air  inlets,  is  shown  on 
page  410.     (1,154,530,  Sept.  21,  1915,  Merriam  &  York.)    The  fuel 
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needle  valve,  located  in  a  fixed  primary  air  Venturi  throat,  is  regu- 
lated by  the  speed  of  a  fly-ball  governor,  which  also  adjusts  simulta- 
neously the  secondary  air.  The  mixture  enters  the  fan  casing  at  its 
center  and  is  discharged  at  a  pressure  in  excess  of  atmosphere,  but 
proportionality  will  evidently  vary  with  the  engine  inlet  header  pres- 
sure, which  is  the  fan  back  pressure  whenever  now  changes  without  a 
speed  change.  The  torque  produced  by  the  air  striking  the  curved 
vanes  of  what  would  be  an  air  turbine,  were  it  free  to  rotate,  causes 
it  to  turn  slightly  on  its  screw-threaded  stem,  thereby  controlling  a 
fuel  valve,  on  page  412.  (1,158,824,  Oct  26, 1915,  Smith.)  An  auto- 
matic secondary  air  valve  is  provided. 

A  fixed  primary  with  an  automatic  secondarjr  air  inlet  combina- 
tion has  a  fuel  valve  that  opens  by  turning  in  its  threaded  casing, 
the  turning  being  caused  by  tne  rise  of  a  flow  disk  in  the  mixture  path, 
which  rotates  as  it  rises  because  of  a  helical  rib  engaging  a  notch  on 
its  edge,  the  fuel  valve  stem  being  square  is  turned  thereby.  This  is 
shown  on  page  412.    (1,178,064,  Apr.  4, 1916.    Fahmey.) 

Subclass  13 J — valved  fuel  irdetj  fixed  primary  air^  fixed  or  primary 
secondary  air  inlets,  throttle  control  of  fuel  inlet  valve. — Fixed  pri- 
mary air  passes  upward  around  the  regulating  fuel  valve  and  meets 
secondary  air  entering  through  a  tapered  slot  m  the  side  of  the  cylin- 
drical sleeve  throttle  is  on  page  411.  (886,265,  Apr.  28, 1908,  Speed.) 
A  yoke  from  the  throttle  stem  actuates  a  sliding  cam  ana  roller  gear  for 
moving  the  fuel  valve.  Rotation  of  a  barrel  sleeve  thjx>ttle  surroimd- 
in^  the  fuel  inlet  and  a  cross  tube  for  primary  air  controls  the  sec- 
ondary air  by  a  port  opposite  to  the  throttle  port  and  lifts  the  fuel 
needle  by  an  mclmed  cam  surface  rotated  under  a  lever  attached  to  it 
in  the  form  on  page  411.  (950,423,  Feb.  22,  1910,  Anderson.)  Two 
fuel  inlets,  one  nx^  and  the  other  varying,  are  similarly  located  and 
act  as  one,  the  fixed  serving  only  to  insure  the  accuracy  of  the  open- 
ing for  idling,  on  paces  411  and  412.  (976,258,  Nov.  22,  1910,  Gal- 
lagher.) The  throttlfe  controls  fuel  needle  and  the  secondary  air 
port.  An  example  of  a  fuel  needle  placed  at  a  distance  ihrom  the  fuel 
mlet  nozzle  is  diown  on  page  413.  (1,029,796,  June  18,  1912,  Daw- 
son.) The  nozzle  is  located  in  a  fixed  primary  air  inlet,  and  the 
throttle  controls  a  pair  of  secondary  air  ports  and  the  fuel  needle 
valve.  Location  of  the  regulating  needle  valve  in  a  tapered  air 
throat  associated  with  a  secondary  sliding  air  sleeve  beyond  it,  both 
sleeve  and  needle  being  operated  by  linkage  from  a  damper  throttle 
is  illustrated  on  pages  413  and  414.  (1,065,462,  June  24,  1913,  Mil- 
ler.) A  comparatively  recent  form  of  the  rotating  barrel  sleeve 
acting  as  both  throttle  and  secondary  air  valves  at  opposite  ports, 
and  carrying  a  fixed  primary  air  inlet  along  the  axis,  the  fuel  needle 
valve  cam  operated  by  the  rotation,  is  shown  on  page  414.  (1,126,839, 
Jan.  19,  1915,  Keizer.)  Here  the  primary  air  throat  lies  wholly 
within  the  barrel  and  is  provided  with  a  bend  or  side  outlet  shroud 
on  top. 

As  an  example  of  the  effect  of  change  of  time  in  improving  form, 
the  same  elements  as  were  incorporated  in  figure  390  are  again  brought 
together  in  a  new  structure  on  pages  414  and  415  (1,148,485,  July  27, 
1915,  Gallagher)  about  five  years  later.  Attention  is  called  to  the 
substitution  of  a  good  form  of  tapered  throat  for  the  primary  air 
instead  of  the  former  irregular  one  with  no  definite  direction  and 
maUng  many  eddy  currents,  the  substitution  of  a  damper  for  a  lon- 
gitudinal cylindrical  throttle,  a  concentric  for  a  side  float  chamber, 
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while  retaininff  a  linkage  between  the  secondary  air.  the  fuel  needle 
and  the  throttle,  and  finally  the  separate  low-speed  tuel  orifice. 

JSubclaas  lS£--^alved  fuel  inlet^  valved  primary  and  secondary  w 
inlets^  throttle  control  of  both  air  inlets  and  the  fud  inlet  valver- 
Again,  the  throttle  is  retained  as  the  prime  variable  element  of  con- 
trol, this  time  varying  all  areas  with  it,  that  of  both  of  the  air  inl^ 
and  the  fuel,  on  the  (Hd  assumption  that  areas  rather  than  pressares 
are  the  fundamental  variables  in  proportionality  maintenance  as 

auantity  varies,  instead  of  giving  due  weight  to  both  and  using  as 
tie  prime  variable  some  unit  that  is  a  measure  of  flow. 
On  page  416  (1,134,366,  Apr.  6,  1916,  Barnes)  a  tapered  throat  is 
provided  with  a  central  tapered  plug,  serving  as  a  primary  air  valve 
and  sliding  with  the  fuel  needle  on  a  fixed  sleeve,  and  to  it  is  con- 
nected a  secondary  air  sleeve,  and  this  triple-moving  member  acts  as 
the  throttle.  The  varying  throat  and  fuel  inlet  relation  itself  acts  as 
a  compensation  factor  in  this  case.  A  rotating  barrel  sleeve  acts  simi- 
larly by  controlling  the  outlets  of  both  primair  and  secondary  air 
passages,  the  same  motion  varying  the  fuel  needle  portion  on  pages 
416  and  417.  (1,162,111,  Nov.  80, 1916,  Simpson.)  The  fuel  inlet  is 
here  set  in  front  of  the  air  restriction  so  that  it  receives  less  vacuum 
than  in  the  previous  case. 

Subclass  ISJ—Vdlved  fuel  inlety  fixed  primary^  and  throttle-^m^ 
troUed  secondary  air  inlets^  fuel  valve  controlled  by  the  vacuum  cft 
air  flow  independenUy. — Making  the  variable  air  depend  on  the 
throttle  and  the  fuel  variation  on  the  flow  directlv  is  a  good  example 
of  mixed  variables,  because  the  two  things  that  should  vary  together 
might  naturally  be  expected  to  receive  their  motion  from  the  same 
instead  of  different  sourcea  Two  examples  only  are  given  on  page 
418  (1,081,222.  Dec  9,  1913,  Durr),  having  agam  the  double-ported 
rotating  barrel  to  serve  as  secondary  air  and  throttle  valve.  It  i& 
however,  screw  threaded  in  its  casing,  so  that  it  has  a  small  axial 
motion  with  rotation.  A  spring-resisted  piston  within  it  carries 
the  fuel  valves  and  a  fixed  primary  air  passage  passes  through  the 
end  of  the  casing  and  through  the  piston  rod  to  the  central  fuel 
opening.  The  fuel  valve  lifts  an  amount  fixed  by  the  spring  tension 
and  the  vacuum,  and  thereby  regulates  the  fuel  delivered  to  the 

Srimary  air,  the  amount  of  which  is  small.  The  old  air  impact  flow 
isk  is  used  to  control  the  fuel  in  a  chamber  supplied  with  fixed 
Erimary  and  automatic  secondary  air  arranged  with  an  electric 
eater  to  operate  on  kerosene,  as  shown  on  page  418.  (1,181,157, 
Mar.  9, 1916,  Percival  iSk  Patterson.) 

Subcktss  134 — Valved  fuel  inlets^  fixed  prvmary  and  automatte 
valved  secondary  air  inlets^  fuel  vcme  controlled  by  the  throttle,— 
As  the  use  of  the  automatic  secondary  air  valve  in  place  of  throttle 
control  is  a  proper  step,  especially  for  the  high  capacibr  variable 
speed  en^e,  it  seems  questionable  that  the  throttle  should  be  selected 
at  the  origin  of  fuel- valve  regulation,  but  there  are  quite  a  number  of 
cases  of  this  sort 

A  cam  connection  is  provided  between  a  damper  throttle  and  the 
fuel  needle  on  page  419  (870,062,  Nov.  5,  1907,  Schebler)  and  ap- 
plied to  a  carburetor  of  the  common  fixed  primary  and  automatic 
secondary  air  form.  The  fact  that  a  fuel- valve  adjustment  is  sug- 
gested at  all  for  a  carburetor  of  this  large  old  class  is  a  measure  of 
lack  of  confidence  in  the  adequacy  of  me  OHnpensation  it  affords 
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without  t}ie  fuel  valve.  Another  case  of  cam-lifted  fuel  valve  oper- 
ated from  a  damper  throttle  in  conjunction  with  a  fixed  primary 
and  automatic  secondary  air  inlet  is  shown  on  page  419.  (1,052^917, 
Feb.  11,  1913,  Heitger.)  A  combination  of  separated  fuel-mlet 
nozzle  and  regulating  fuel  valve,  the  latter  operated  from  a  damper 
throttle  and  the  former  associated  with  a  fixed  primary  and  auto- 
matic secondary  air  inlet,  is  shown  on  page  422.  (1,096,669,  May  12, 
1914,  Sharpneck.)  The  fixed  primary  and  automatic  secondary  air 
inlets  are  used  in  combination  with  the  rotating  sleeve  throttle  turn- 
ing a  screw-threaded  fuel  valve  in  its  fixed  casing,  on  page  422. 
(1,106,226,  Aug.  4, 1914,  Lamb.)  Use  is  made  of  the  long  taper  fuel 
metering  pin  fixed  to  a  flat  block  form  of  throttle  on  page  420 
(1,106,802,  Aug.  11,  1914,  Goldberg),  in  connection  with  nxS  pri- 
mary and  automatic  secondary  air  inlets,  but  in  such  a  way  as  to 
partially  restrict  the  primarv  air  passage.  On  page  420  (1,173,762, 
Feb.  29,  1916,  Arquembourg),  a  regulating  fuel  valve  cam  operated 
from  the  shaft  of  a  barrel  throttle  is  combined  with  a  fuel  nozzle 
located  in  a  Venturi  throat,  beyond  which  the  secondary  air  enters 
through  ball-type  automatic  valvea 

Subclass  13.6 — Valve  fuel  mlety  -fixed  primary  and  autamatie 
valved  secondary  air  inlets^  fuel  valve  controlled  by  the  automatia 
secondary  air  valve. — ^Assummg  that  the  old  standard  fixed  fuel  and 
primary  air  carburetor  with  automatic  secondary  air  compensation 
to  be  inadequate  for  the  severe  conditions  of  the  variable-speed  en- 
gine, and  that  some  additional  means  of  compensation  is  necessary, 
then  it  is  quite  a  natural  and  logical  step  to  make  this  take  the  form 
of  a  fuel  valve  adjustment  controlled  by  the  secondary  air  valve  on 
the  ground  that  up  to  the  time  the  latter  opens  the  fuel  area  should 
vary  with  the  additional  air  area,  or  that  both  areas  should  be  con- 
trolled by  the  vacuum.    This  seems  to  be  the  ori^n  of  the  ideas  of 
the  cases  of  this  subclass,  one  of  the  earliest  of  which  is  that  on  page 
421.     (855,170,  May  28,  1907,  Gray.)     A  direct  connection  is  made 
between  the  automatic  secondary  air  valve  and  the  fuel  valve,  so 
both  move  the  same  amount  in  this  case.    A  bell-crank  linkage  is 
provided  to  connect  a  horizontal-stem  automatic  air  valve  and  a 
vertical-stem  fuel  valve  on  page  421.    (981,853,  Jan.  17, 1911,  Halla- 
dav.)    Location  of  the  fuel  needle  on  the  axis  of  the  automatic  air 
valve,  the  stem  guide  of  which  is  tubular  and  serves  as  the  fixed 
primary  air  inlet,  is  illustrated  on  page  421.     (1,010,185,  Nov.  28, 
1911,  Schulz.)     A  tubular  sleeve  form  of  fuel  valve,  forming  the 
stem   guide  of  the  secondary   air  valve,  is  shown   on  page  4S1. 
( 1,022 J02,  Apr.  9, 1912,  Bothe  A  Gulp.)    A  cam  connection  tetween 
the  automatic  air  valve  and  the  fuel  needle  is  shown  on  page  423 
(1,078,590,  Nov.  11, 1913,  Muir),  which  also  illustrates  the  idea  of  a 
throttle  limit  to  the  movement,  so  that^  while  it  is  automatic  and 
completely  so  for  a  wide-open  throttle,  it  is  not  for  a  partly  closed 
throttle,  and  at  any  time  closure  of  the  throttle  closes  both  fuel  and 
secondary  air  valves.    Two  fuel  valves  operated  by  the  automatic 
air  valve  are  shown  on  pages  428  and  424  (1,111,224,  Sept  22,  1914, 
Hamilton),  but  so  located  as  to  act  as  one,  so  far  as  proportionality 
is  concerned.    Of  course,  two  different  fuels  can  be  simultaneously 
used.    A  lever  connection  between  the  secondary  air  valve  and  the 
fuel  valve  is  shown  on  page  424  (1,118,126,  Nov.  24, 1914,  Harroun), 
which  also  has  electrical  neating  coils  in  the  primary  air  tube  in- 
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tended  to  adapt  it  to  keroeene.  It  is  of  interest  to  oomparQ  this  with 
the  same  proportionality  arrangement  adapted  to  use  exhaust  heat 
both  for  warming  the  primary  air  and  for  directly  heating  the  pri- 
mary mixtures,  as  shown  on  page  424  (1,158,494,  Nov.  2, 1915,  Har- 
roun),  to  which  an  air-valve  da^pot  is  added  as  well. 

Use  of  a  very  much  restricted  primary  air  venturi,  as  illustrated 
on  page  425  (^1,156,823.  Oct.  12,  1915,  Schebler),  hardly  more  than 
will  serve  to  lift  the  luel  and  to  somewhat  spray  it.  This  brings 
this  subclass  very  close,  indeed^  to  that  of  subclass  12.5,  with  all  its 
favorable  functional  characteristics;  It  is  an  excellent  example  of 
the  way  in  which  one  class  merges  into  another,  and  necessarily  so^ 
no  matter  what  the  classification  basis  may  be. 

Subclass  13.6 — Valved  fuel  inlet^  vcUved  primary  and  secondary  air 
inlets^  both  automatic,  fuel  valve  controlled  by  one  or  both  automatic 
air  inlet  verves. — ^In  essential  principle  this  subclass  is  the  same  as 
that  of  subclass  7.5,  though  structurally  the  difference  is  real,  being 
that  of  two  valves  versus  cme.  Of  course,  if  the  valves  are  different, 
especially  in  size  and  loading,  then  control  of  the  fuel  valve  does 
not  so  directly  proportion  fuel  to  total  air  as  with  two  similar  valves 
which  would  be  equivalent  to  one.    If  one  such  valve  will  serve  the 

Eurpose,  some  other  reason  than  a  search  for  proportionality  must 
e  responsible,  and  one  reason  that  certainly  applies  in  some  cases 
is  a  failure  to  realize  the  fact. 

Two  spring-loaded  automatics,  nearly  similar,  are  used  <m  page 
426  (917,125,  Apr.  6,  1909,  Pierce) ,  one  of  them  controlling  the  fuel 
valve  by  a  cam  surface  on  its  stem«  This  one  is  fitted  with  a  throttle 
resistance,  while  the  other  is  free.  A  pair  of  swing  checks  of  differ- 
ent size  are  both  connected  to  a  bell-crank  needle- valve  control,  and 
they  therefore  act  as  one  on  pase  426.  (1,022^326,  Apr.  2,  1912. 
Namur.)  Four  small  spring-loacfed  secondaiy  air  valves  are  addea 
to  a  central  automatic  piston  sleeve  primary  automatic,  controllinc^ 
the  fuel-metering  pin,  on  page  426.  (1,084,954,  Jan.  20, 1914,  Nice.) 
A  single  piston  and  sleeve  form  of  automatic  valve  controls  two  sets 
of  air  ports,  the  one  above  acting  as  secondary  and  a  lower  annual 
port  as  primary  air  passage.  The  moving  member  adjusts  the  fuel 
valve  at  the  same  time  on  page  427.  (1,087,187,  Feb.  17,  1914, 
Schulz.)  The  primary  air  is  small  and  is  a  convenient  means  of  lift- 
ing and  spraying  the  fuel.  The  action  is  entirely  equivalent  func- 
tionally to  the  previous  class  referred  to.  As  arranged  on  pace  428 
(1,105,134,  July  28,  1914,  Hanemann)  the  primary  automanc  air 
valve  controlling  the  fuel  valve  is  entirelv  different  from  the 
secondary,  and  the  action  must  also  be  different  with  respect  to 
proportionality. 

Chi  page  427  (1,125.525,  Jan.  19,  1915,  Hathcote,  is  shown  a  form 
that  again  illustrates  now  closely  one  class  merges  into  another,  this 
case  being,  except  for  the  proportion  of  the  fixed  to  the  valve  con- 
trolled air,  similar  to  those  of  subclass  12.5  more  especially  those 
examples  of  that  class  that  have  a  small  fixed  air  passage  passing  the 
fuel  inlet  for  idling  and  for  lifting  the  fuel  into  the  main  air  stream, 
but  not  enough  air  to  be  consider^  as  removing  complete  air  control 
from  the  automatic  valve.  Here  the  central  fixed  hole  is  too  large  to 
be  ignored  in  this  way,  but  it  would  be  impossible  to  draw  a  line  of 
division  with  precision. 
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Class  Hr-^arhwretars^  proportiomnff  fioWj  aspirating^  multiple 
fuel  ani  air  inlets^  both  with  regvlatmg  valves. — It  would  seem  as 
if  sufficient  compensation  could  be  secured  by  regulating  fuel  to  air, 
or  air  to  fuel,  and  certainly  the  opportunities  are  ffreat  with  air  and 
fuel  both  regulated  even  when  there  is  only  one  imet  for  each,  with- 
out adopting  a  multiplicity  of  such,  yet  this  is  done  in  the  cases  of 
this  class.  However,  the  situation  is  not  as  complex  as  it  might  seem, 
because  in  the  first  place  there  are  not  many  such  cases,  and  second, 
these  all  fall  into  two  groups,  the  high  ana  low  speed  ^oup  or  the 
multiple  duplicate  carburetor  group,  each  of  which  constitutes  a  sub- 
class. 

On  page  428  (1,123,508,  Jan.  5, 1915,  Farrell),  a  series  of  five  fuel 
needles  is  arran^d  across  an  air  passage,  and  they  are  operated  from 
a  single  rocker  3iaft  by  lever  arms  set  at  slightly  different  angles,  so 
that  they  open  in  succession  and  once  open  continue  to  increase  the 
fuel-flow  area  as  later  ones  come  in.  This  rock  shaft  is  linked  to  the 
throttle  and  to  a  swing  type  of  air-inlet  valve,  the  entering  air 
sweeping  successively  the  fuel  jets  as  thev  come  into  action. 

SwcUess  HJ — Two  fuel  inlets^  one  pxed  wnd  one  yalved  suvple- 
Tnsntary  high-speed  jet^  two  air  imlets.  one  fixed  primary  ana  one 
vcdved  secondary. — ^A  smgle  air  inlet  ntted  with  a  damper  type  of 
valve,  acting  in  the  dual  capacity  of  throttle  and  air  valve  has  a  hole 
in  it,  through  which  projects  a  fixed  fuel  nozzle  for  low-speed  mixed 
flow.  The  dami>er  motion  controls  a  single  variable  fuel  valve  with 
multiple  outlets  in  the  combination  on  page  431.  (1,038,040,  Sept.  10, 
1912,  Weiss.)  As  the  air  valve  swings  open  the  fuel  valve  is  opened 
and  at  the  same  time  the  air  sweeps  past  the  multiple  outlets  in  vary- 
ing degrees  so  that  at  first  some  discharge  fuel,  while  others  take  in 
spraying  air  that  emerges  with  the  fuel  elsewhere,  though  all  dis* 
cnarge  fuel  later.  The  fixed  idling  jet  nozzle  is  perforated  so  that 
it  acts  as  a  mixed-flow  passage  when  the  throttle  is  closed  or  nearly 
closed. 

Two  air  inlets  are  provided  on  page  431  (1,164,661,  Dec.  21,  1915, 
Muir),  one  fixed  and  one  variable,  the  former  with  a  fixed  fuel  inlet 
for  low  speed,  the  latter  with  a  fuel  valve  controlled  by  the  auto- 
matic air  valve  for  higher  speeds.  This  is  another  example  of  how 
closely  classes  merge  one  into  another,  for  if  the  fixed  air  passage 
were  closed  or  nearly  so,  it  could  be  regarded  as  a  low-speed  or 
idling  jet  for  a  carburetor  of  the  single  variable  fuel  and  air  class* 
This  would  be  the  case  also  if  the  fixed  jet  were  subjected  to  the  same 
vacuum  influence  as  the  main  jet,  because  then  it  would  be  a  multi- 
ple outlet  single  jet  instead  of  a  multiple  jet.  A  small  fixed  fuel  and 
air  inlet  for  low  speed  delivers  beyond  a  main  barrel  throttle  on 
I>a^  432  (1,172,031,  Feb.  15,  1916,  Morand),  the  main  passage  con- 
sisting of  fixed  primary  air,  with  secondary  and  fuel  valve  con- 
trolled by  the  throttle.  Two  air  passages,  a  primary  with  a  ball 
form  of  automatic  air  valve^  and  the  other  or  secondary  with  a  dam- 
per air  valve,  associated  with  two  fuel  nozzles,  are  snown  on  page 
422.  (1,179,381,  Apr.  11, 1916,  Sunderman.)  A  linkage  connects  the 
high-speed  fuel-inlet  valve  and  the  secondary  air  damper  to  the 
throttle.  Graduation  of  the  high-speed  fuel  inlet  by  the  movement 
of  a  secondary  automatic  air  valve,  is  illustrated  on  page  433 
(1,179^386,  Apr.  18, 1916,  Anderson),  in  connection  with  a  nxM  low- 
speed  jet  in  a  fixed  primary  air  inlet. 
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Subolaas  HJB^MuLHple  carhuretars^  progresHve^  by  throtUe  or 
vacuum. — ^A  series  of  eight  fuel  inlets,  each  with  a  regulating  valve 
and  each  in  a  separate  passage,  the  air  to  which  varies  with  the 
throttle  outlet  from  it,  are  combined  in  one  casing  bv  using  a  multi- 
ported  barrel  sleeve  for  all  air  valves  and  throttle,  the  separate 
passages  beinff  formed  within  it^  as  shown  on  page  4M.  (1,120484:» 
Dec.  8, 1914,  Duff.)  A  separate  idling  fixed  jet  and  air  inlet  are  pro- 
vided beyond  the  throttle. 

ClasB  1& — Carburetors,  proptyrtumng  fioWjOspirating^  thermostatic^ 
or  barometric  controUea. — ^Assuming  that  a  carburetor  of  any  class 
whatever  works  satisfactorily  at  a  given  place  under  constant  condi- 
tions of  temperature  and  barometric  pressure,  it  does  not  follow  that 
the  operation  will  continue  to  be  satisfactory  when  the  surrounding 
temperature  or  the  barometric  pressure  changes.  Of  course,  these 
variations  exert  a  certain  influence  on  the  vaporization  characteris- 
tics of  the  fuel,  acting  directly  on  its  vapor  pressure  on  the  one 
hand  and  on  the  relation  of  the  partial  pressure  of  the  vapor  in  the 
mixture  to  that  of  the  air  on  the  other,  when  the  total  pressure 
changes  without  a  change  of  vapor  pressure.  These  vaporization 
difficulties,  while  serious  enough  m  themselves,  are  not  now  under 
discussion,  attention  being  for  the  present  concentrated  on  the  pro- 
portionality problem,  which  is  fundamental.  Anything  that  chanffes 
the  density  of  air  will  change  the  flow  through  a  given  passage  under 
the  influence  of  a  given  pressure  drop,  so  that  given  a  fixed  vacuum 
on  a  fixed  carburetor  air  passage,  the  amount  that  will  flow  depends 
on  the  air  density,  and  as  air  density  changes  so  will  the  flow  change. 
As  both  absolute  pressure  and  air  temperature  exert  direct  effects  on 
air  density,  changes  in  them  will  directly  cause  a  change  in  flow,  the 
amount  of  which  may  be  very  considerable.  This  is  undoubtedly 
greater  in  aero  work  than  elsewhere,  because  a  machine  may  leave 
sea  level  and  in  climbing  reach  altitude  where  the  barometric  pressure 
is  half  its  previous  sea-level  value,  a  density  effect  of  50  per  cent 
At  the  same  time  the  air  temperature  may  drop  from  over  100°  in 
southern  or  summer  districts  to  something  below  zero  in  the  high  air, 
which  correspond  roughly  to  a  density  change  of  20  per  cent  in 
order  of  magnitude  in  the  opposite  sense.  From  considerations  such 
as  this  it  becomes  clear  that  carburetors  might  very  properly  be  pro- 
vided with  automatic  compensation  for  air-density  changes,  and  that 
such  should  be  provided  for  all  those  used  in  aero  work. 

Similarly,  the  flow  capacity  of  a  fuel  passage,  whether  its  char- 
acteristics are  those  of  the  orifice  or  of  the  capillary,  depends  on  the 
viscosity  of  the  fuel  and  may  vary  very  much,  indeed  enough  to 
make  the  difference  between  success  and  failure  if  the  viscosity 
varies  over  the  whole  range  that  is  possible  with  normal  temperature 
changes,  especially  in  those  cases  where  heat  is  being  applied  to 
properly  valorize  the  heavier  fuels  or  in  using  varying  mi^ures  of 
differently  viscous  fuels,  or  two  such  in  succession,  through  the  same 
passage.  Nefflecting  the  latter  condition  as  one  requiring  special 
treatment  and  concentrating  on  temperature  change,  it  is  clear,  as  in 
the  case  of  the  air,  that  temperature  variations  in  the  fuel  must  not 
be  permitted  to  exceed  a  value  fixed  by  the  viscosity — temperature 
curve  of  the  fuel  that  would  result  in  appreciable  flow  changes,  say, 
5  per  cent  as  a  limit.    This  will  correspond  to  quite  a  different  tern- 
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esrature  range  in  the  case  of  one  fuel  as  compared  with  another, 
quivalent  to  control  of  this  temperature  raiige  for  the  fuel,  which 
may  not,  and  in  some  cases  is  not  practical  as  interfering  with  vapori- 
zation, IS,  of  course,  compensation  for  it  by  c(Mitrol  of  vacuum  Gt 
flow  area. 

There  are  not  many  patents  on  this  subject  of  temperature  change 
compensation  or  correction  for  air  and  fuel,  or  on  barometric  com- 
pensation for  air,  but  it  must  be  remembered  that  the  realization  of 
necessity  is  recent,  and  more  may  be  expected  along  this  line. 

Subclass  16.1 — thermostatic  controls, — ^This  sort  of  control  may 
fall  properly  into  two  classes,  one  seeking  automatically  to  keep  the 
temperature  from  changing,  and  the  other  compensating  for  a  tem- 
perature change  by  control  of  air  or  fuel  valve& 

The  first  case,  that  on  page  486  (1,017,572,  Feb.  18.  1912,  Lund), 
is  an  example  of  the  former  kind.  Two  sources  oi  air  are  pro- 
vided, one  hot  and  the  other  cold,  the  ratio  determining^  the  tem- 
perature at  the  carburetor,  and  in  the  present  case  a  single  valve 
controls  the  ratio,  the  valve  bein^j  actuated  bv  the  expansion  or  con- 
traction of  the  walls  of  a  body  mserted  in  tne  path  of  the  mixture. 
This  thermostat  is  filled  with  a  volatile  liquid  and  has  ai\  expanding 
form  of  wall  so  the  vapor  pressure  of  this  fluid  is  fixed  by  the  main 
mixture  temperature,  but  unfortunately  the  mixture  pressure  exerts 
a  similar  effect.  Increase  of  vacuum  due  to  a  closed  tnrottle,  has  the 
same  effect  on  the  movement  as  a  rise  of  temperature,  both  causing 
the  thermostat  to  expand. 

The  second  class  of  control,  direct  compensation  by  valve  adjust- 
ment for  temperature  change,  is  illustrated  on  page  436.  (1,110,131, 
Sept.  8,  1914,  Green.)  Here  the  air  temperature  changes  operate 
the  fuel  needle  valve  by  means  of  the  elongation  of  metal  roos.  A 
more  pertinent  form  of  thermostatic  compensator  is  that  shown  on 
pages  436  and  437  (1,185,270,  Apr.  13, 1915,  Duryea),  which  adjusts 
the  fuel  needle  valve  in  accordance  with  the  temperature  of  the  air 
supplied  to  the  carburetor.  In  this  case  the  actuating  means  of  the 
thermostat  includes  a  closed  tube,  of  mercury  for  example,  with  one 
end  attached  to  a  Bourdon  tube.  Changes  of  temperature  cause  the 
end  of  the  Bourdon  tube  to  move,  and  mis  adjusts  the  fulcrum  of  a 
lever  between  the  automatic  air  inlet  valve  and  the  fuel  needle, 
causing^  the  latter  to  be  adjusted  automatically^  to  air  temperature 
without'  interfering  with  its  normal  regulation  with  air  flow  changea  , 

Another  case  of  fuel  needle  adjustment,  but  this  time  for  changes 
in  the  temperature  of  the  fuel  itself,  independent  of  the  air,  such  as 
could  be  regarded  as  a  viscosity  corrector,  is  that  on  page  437. 
(1,142,824,  June  15.  1915,  Lund.)  Here  the  type  of  expandinff  wall 
chamber,  filled  witn  a  liquid  or  a  gas  or  partly  filled  with  a  liquid 
and  partly  with  its  vapor,  now  generally  known  as  a  syephon,  is 
submerged  in  the  fuel  in  a  jacketed  chamber,  which  may  be  heated 
or  cooled.  It  has  the  fuel  needle  fixed  directly  to  it  and,  as  shown,  it 
is  suitable  only  for  carburetors  that  otherwise  have  fixed  fuel  inlets. 

One  special  case  of  thermostatic  compensation  of  some  practical 
value  in  dealing  with  fuels  that  are  just  over  the  border  of  volatility, 
vaporizing  freely  enough  for  use  with  warm  air  or  by  the  heat  or 
the  passages  leading  to  a  warm  engine,  but  not  so  when  air  and  en- 
gine are  cold,  undertakes  to  solve  the  difficulty  by  opening  the  fuel 
valve  at  first  and  later  closing  it  as  the  engine  heats  up.     One  of 
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these  actuated  by  the  exhaust  is  shown  on  page  437  (1,133,872,  Mar. 
30,  1915,  Maness),  operates  the  fuel  valve  by  the  elongation  of  a 
metal  rod  close  to  the  exhaust  pipe,  and  another,  page  438  (1,149,743, 
Aug.  10,  1915,  England),  uses  the  elongation  of  a  tube  heated  by 
the  jacket  water.  Both  lorms  are  directly  applicable  only  to  those 
classes  of  carburetors  that  have  an  otherwise  fixed  fuel  inlet. 

A  similar  effect  is  sought  by  thermostatic  control  of  a  separate 
secondary  air  valve  which  is  closed  when  the  air  or  the  engine  is  cold 
so  as  to  enrich  the  charge,  and  which  opens  when  the  temperature  at 
the  thermostat  rises,  diluting  the  charge  and  compensating  for  an 
over-rich  mixture  from  the  carbureter.  Use  is  made  of  a  thin  metal 
bending  strip  on  page  438  (1,189,786,  July  4,  1916,  Byrnes),  in  one 
case  operated  by  exhaust  and  in  another  by  the  air  temperature,  as- 
sociated with  various  valve  forms. 

Subclass  16£^  barometric  controls. — ^A  barometric  diaphragm, 
consisting  of  two  flexible  metal  sheets,  joined  at  the  edges,  inclosmg 
and  forming  a  vacuum  chamber,  is  fixed  to  the  carbureter  casing  on 
one  side  and  te  the  fuel  needle  on  the  other,  on  page  439.  (1,049,038, 
Dec.  31,  1912,  Barstow  &  Bradford.)  Any  changes  of  barometric 
pressure  are  compensated  for  bv  movement  of  the  fuel  needle.  Inci- 
dentally there  is  also  provided  a  float  and  float-chamber  form,  in- 
tended to  work  equally  well  at  any  angle  of  inclination  of  the  car- 
buretor from  the  vertical  within  a  fairly  considerable  range.  This 
form  is,  of  course,  applicable  only  to  carburetors  with  otherwise  fixed 
fuel  inlets.  Another  form,  shown  on  pa^e  439  (1,098,783,  June  2, 
1914,  Daimler),  is  adapted  to  be  inserted  m  the  train  of  linkage  be- 
tween a  fuel  needle  and  ite  normal  source  of  adjustment  for  regula- 
tion with  air  flow,  by  moving  the  fulcrum  of  one  otherwise  fixed 
point  of  a  lever  in  the  linkage. 

SUMMARY  OF  CHARACTERISTICS  OF  NEW  CLASSES  AND  CON- 
CLUSIONS  ON  TYPE. 

On  the  theory  that  the  definition  of  a  class  or  subclass  of  carbu- 
retors is  a  statement  of  a  principle  of  construction  or  functional  op- 
eration directly  or  by  implication,  it  would  seem  to  be  possible  to 
divide  carburetors  into  good,  fair,  and  bad  groups  by  the  class  and 
subclass  divisions,  and  very  desirable  to  do  so  as  the  first  broad 
treatment  of  the  subject  of  design  before  undertaking  any  analysis 
of  structural  details  or  dimensions.  Unfortunately,  however,  this 
very  desirable  prospect  can  not  be  fulfilled,  because  any  classification 
basis  that  is  feasible  and  practical  must  be  based  primarily  on  the 
more  quickly  recognized  features  of  the  appliance,  and  these  aore 
always  structural  arrangmente  from  which  principles  of  operation 
must  be  discovered  by  later  analysis,  and  the  only  principles  of  con- 
struction that  can  enter  into  class  definitions  are  those  of  structuiral 
arrangement.  In  all  cases  proportions  of  parts  and  at  least  relative 
if  hot  absolute  dimensions  play  as  important  a  part  in  the  separation 
of  the  good  from  the  bad  as  does  the  general  arrangement  or  group- 
ing of  the  elements  of  construction,  so  much,  in  fact,  as  to  be  respon- 
sible for  one  of  the  greatest  sources  of  difficulty  in  making  the  class 
distinctions  themselves.  There  may,  for  example,  be  two  air  inlete 
located  so  that  both  air  streams  act  as  one,  and  the  case  should 
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therefore  be  classed  witl>  those  characterized  structnrally  as  having 
one.  Again,  even  though  the  two  air  streams  act  differently,  one, 
for  example,  acting  as  primary^  air  passing  the  fuel  let  and  the  other 
as  secondary  entenng  beyond  it,  still  several  possible  class  interpre- 
tations are  possible  l^cause  either  the  primary  or  the  air  inlets  may 
be  so  small  as  to  be  negligible,  in  which  case  two  class  interpreta- 
tations  result:  First,  that  of  all  air  entering  beyond  the  jet;  and, 
secondj  that  of  all  air  passing  the  iet  in  addition  to  the  third  where 
both  air  streams  exert  a  measurably  equal  influence.  Moreover,  the 
small  air  inlet  while  so  small  as  to  be  negligible  when  entering  the 
mixing  chamber  directly  may,  on  the  contrary,  be  most  potent  m  its 
influence,  if,  for  example,  it  passes  through  the  top  of  the  float  cham- 
ber or  into  the  fuel  passage,  either  case  representing  a  most  impor- 
tant and  different  class  characterized  by  either  of  these  two  im- 
portant means  of  compensation. 

In  spite  of  such  conditions  as  these,  it  is  possible  to  draw  some  very 
valuable  class  distinctions  on  the  basis  of  possibilities  of  suitable 
automatic  control  of  proportionality  as  the  flow  rates  change,  but 
not  by  the  simple  process  of  branding  any  one  class  as  good  or  bad 
without  qualification.  Even  this  sort  of  division  is  most  useful  be- 
cause it  points  clearly  the  direction  that  efforts  should  follow  to 
improve  and  perfect  the  carburetor,  and  serving  to  divert  time  and 
money  from  the  losses  that  must  inevitably  follow  by  their  expendi- 
ture on  the  less  promising  types. 

Of  the  15  classes  here  established,  not  a  single  one  can  be  wholly 
approved,  and  only  one,  class  No.  1,  wholly  condemned,  but  naturally 
the  subclasses  of  each  general  class,  61  in  all,  can  be  judged  better 
than  is  possible  for  the  general  classes  themselves.  Even  these,  it 
has  been  found,  are  best  judged  as  bad  to  fair,  or  fair  to  good, 
rather  than  goodj  fair  or  bad  alone,  except  for  one  small  set  that  is 
clearly  bad.  This  set  includes  those  subclasses  that  consist  of  the 
single  fixed  fuel  and  air  inlets  without  any  compensation  whatever, 
and  designated  as  subclasses  1.1, 1.2, 1.8, 1.4,  8.1,  3.2,  and  8.8,  7  in  all. 
Removing  these  7  there  remain  of  the  61  subclasses  54  that  merit 
the  broader  judgment.  Of  these  the  following  20  are  designated  as 
bad  to  fair,  and  constitute  the  group  that  merits  the  lesser  considera- 
tion, as  being  unequal  to  the  rest  in  proportionalitv  possibilities 
for  engines  operating  at  varying  speeds  under  variable  loads :  Sub- 
classes 5.1,  5.2,  6.1,  6.2,  6.8,  7.1,  7.2,  8.1,  8.3,  8.5,  9.2,  9.4,  11.1,  12.1, 
12.2,  12.3,  12.4,  13.1,  13.2,  18.4.  All  of  these  subclasses  are  provided 
with  proportionality  compensation  of  some  kind  but  considered  not 
as  adequate  or  suitable  as  that  of  the  following  29,  designated  as 
fair  to  good:  Subclasses  8.4,  8.6,  4.1,  5.8,  6.4,  6.5,  6.6,  7.3,  7.4,  7.6, 
8.2,  8.4,  8.6,  9.1,  9.3,  10.1,  10.2,  10.8,  10.4,  10.5,  10.6,  11.2,  11.3,  12.5, 
12.6,  12.7,  18.3,  13.5,  13.6.  These  two  sets,  aggregating  49  subclasses 
of  double  judgments  with  the  previously  noted  7  single  judgment 
group,  account  for  56  of  the  total  of  61  subclasses. 

Of  the  remaining  five  subclasses,  three — 9.5,  14.1,  and  14,2 — are  so 
broad  in  definition  as  to  make  a  class  judgment  impossible  or  what 
is  the  same  thing,  to  warrant  a  triple  judgment  of  bad,  fair,  or  good, 
depending  on  the  details  of  each  case.  The  remaining  two  sub- 
classes— 15.1  and  15.2 — concerned  with  thermostatic  and  oarometric 
control  do  not  admit  of  a  judgment  on  the  same  basis  as  the  others  he* 
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cause  this  sort  of  compensation  to  be  useful  must  be  added  to  but 
can  not  serve  as  a  substitute  for  compensation  for  flow  rate  propcnr- 
tionality  influences 

All  the  general  classes  with  the  exception  of  class  1,  which  includes 
only  incompensated  cases,  and  class  15,  which  is  concerned  only  with 
thermostatic  and  barometric  supplemental  compensation,  are  not  to 
be  judged  as  good,  fair,  or  bad  as  a  class  because  each  includes  some 
variation  of  from  that  may  be  classed  many  of  the  three  ways. 

For  the  variable  speed,  variable  load  engine,  the  carburetor  that 
consists  merely  of  two  passages,  one  for  air  and  one  for  fuel,  fixed  in 
both  area  and  position,  is  of  no  value  whatever,  because  no  matter 
what  the  form  or  relative  position  of  the  passages,  the  flow  of  the 
fuel  can  not  be  made  to  follow  in  constant  ratio  that  of  the  air.    De- 

f>ending  on  the  fuel  supply  which  may  be  under  a  constant  positive 
iquid  head  or  be  aspirated  against  a  constant  negative  liquid  head, 
and  on  the  position  of  the  fuel  jet  in  the  air  passage  which  may  be 
located  to  be  influenced  by  an  air  entrance  resistance  vacuum  or  not, 
and  by  a  positive  or  negative  air  velocity  head  vacuum,  the  fuel  flow 
may  increase  faster  than  the  air  flow  increases  or  slower,  but  it  can 
not  be  made  to  increase  at  the  same  rate  as  the  air.  This  is  due  to  the 
nature  of  the  flow  laws  of  air  and  liquids  through  the  various  forms 
of  passages  of  such  dimensions  as  are  suitable  for  carburetors,  and  it 
does  not  appear  to  be  within  the  range  of  mechanical  ingenuity  or  the 
skill  of  designers  to  overcome  this  condition  except  by  departing  from 
the  simple  fixed  inlets  or  the  constant  fuel  head,  by  introducing  a  cor- 
recting variable;  in  short,  by  providing  a  proper  sort  and  amount  of 
compensation. 

The  uncompensated  cases  thus  eliminated  from  consideration  for 
variable  speea,  variable  load  engines,  or  engines  in  which  the  flow 
is  as  much  determined  by  engme-resting  torque  or  speed  as  by 
throttle  position  includes  those  of  subclasses  1.1,  1.2,  1.3,  and  1.4, 
having  periodic  fuel  valves  with  or  without  periodic  air  valves 
that  open  each  suction  stroke,  but  which  present  fixed  areas  for  flow 
when  open  whether  the  fuel  valve  is  operated  mechanic^ly  from  the 
valve  genkT  ■{l^l)^  or  is  opened  by  the  lifting  of  an  automatb  air 
valve  with  the  fuel  inlet  in  the  seat  (1.2),  or  opened  by  the  movem^it 
of  an  automatic  air  valve  in  front  of  the  fuel  valve  (1.3),  all  with  a 
single  air  inlet,  or  any  of  these  arrangements  with  a  second  inde- 
pendent air  mlet  (1.4).  There  are  also  included  in  the  rejected 
uncompensated  cases  those  of  subclasses  3.1,  3.2.  and  3.3,  all  having 
plain  single  fixed  air  and  fuel  inlets  with  reierence  to  area  and 
position,  no  matter  how  arranged,  whether  the  fuel  inlet  is  at  a 
restrict^  air  throat  (8.1),  with  or  without  air-directing  vanes, 
baffles,  or  guides  (3.2),  or  provided  with  rotating  spreaoing  and 
mixing  surfaces  (3.3).  It  must  be  understood  that  an  air  or  a  fuel 
inlet  IS  fixed  when  its  area  does  not  change  with  flow;  it  may  have 
manually  adjustable  valves  for  changing  a  flow  area,  which,  how- 
ever, once  so  set  remains  fixed,  no  matter  how  the  flow  rate  may 
change  with  engine  speed  and  tnrottle  variations. 

Designers  must^  therefore,  concentrate  attention  on  the  problem 
or  compensation  and  develop,  first,  various  schemes  or  qualitative 
means  of  compensaticm  and,  second^  ^pply  to  each  of  these  the  physi- 
cal laws  belonging  to  or  dharactenstic  of  it  as  the  quantitative  and 
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final  meazis  of  compensation  to  secure  properly  proportbning  flow 
carburetors  correct  in  capacity  for  a  given  engine.  Of  course,  in 
every  case  there  must  be  available  full  and  complete  data  (a)  on 
the  flow  laws  for  every  kind  and  size  of  both  air  and  fuel  passage, 
relating  quantity  to  vacuum;  (&)  on  the  vacuum  at  ever^  point  in 
an  air  passage  where  a  fuel  nozzle  might  be  located  and  its  law  of 
change  with  air  flow  to  fix  the  relation  between  air  flow  and  fui&l 
flow  through  this  common  vacuum.  Without  such  data,  now  pretty 
generally  lacking,  the  amount  of  compensation  needed  can  not  be 
known  witiiout  experimental  trial,  whicn,  of  course,  while  one  means 
of  solution,  is  not  a  pror>er  one,  and  certainly  is  not  a  means  that 
can  be  characterized  as  design. 

So  far,  improvement  of  carburetors  has  followed  almost  entirely 
the  qualitative  line,  attention  having  been  concentrated  on  compen- 
sating schemes  almost  to  the  exclusion  of  the  quantitative  determina- 
tion of  flow  or  proportionality  laws  to  reduce  to  tabular,  graphic,  or 
algebraic  form  either  the  amount  of  compensation  reauired  or  the 
degree  of  success  attained  with  what  has  been  provided  by  cut-and- 
try  empiric  methods.  Now  that  a  reasonable  number  of  compensat- 
ing means  has  been  disclosed,  any  one  of  which  would  seem  to  oe  ade- 
quate if  properly  applied,  the  time  seems  ripe  for  reducing  to  the 
quantitative  basis  the  various  flow  laws  of  each  element  ana  for  the 
combination  of  such  elements  that  make  up  a  carburetor. 

Compensating  means  for  proportioning  flow  carburetors  are  of 
three  general  types,  and  there  are  several  specific  classes  of  each 
type  now  available.  These  three  t^es  are  named,  first,  flow  area; 
second,  fuel  head:  and,  third,  combined  flow  area  and  fuel  head. 

Comi)ensation  oy  flow  area  includes  all  those  arrangements  in 
which  either  the  air-flow  area  or  the  fuel-flow  area,  or  both,  is  varied 
with  the  flow  rate  automatically  in  such  a  way  as  to  correct  for  de- 
partures from  constancy  of  proportionality ;  reducing  the  fuel  or  in- 
creasing the  air-flow  area  whenever  fuel  is  in  excess  by  just  the  right 
amount  to  reduce  the  excess  to  zero,  and  the  opposite  when  air  is  in 
excess.  This  may  be  done  by  providing  (a)  a  graduating  fuel-inlet 
valve  in  connection  with  a  fixed-air  inlet;  (o)  b,  graduating  air-inlet 
valve  in  connection  with  a  fixed-fuel  inlet;  (c)  graduating  valves  on 
hoih  fuel  and  air  inlets;  (^d)  a  multiplicity  of  fixed-fuel  inlets  coming 
into  action  successively  in  connection  with  a  similar  multiplicity  or 
fixed-air  passages;  (<?)  a  multiplicity  of  fixed-fuel  inlets  coming  into 
action  successively  in  connection  with  a  single  air  passage  provided 
with  a  compensating  regulating  valve.  In  all  cases  the  now-area 
change  should  be  directly  related  to  and  controlled  by  the  flow  rate 
itseliT 

Compensation  bv  fuel  head  includes  all  those  arrangements  in 
which  the  net  fuel-flow  head  is  changed  from  the  value  it  would 
have  if  the  fuel  nozzle  were  fixed  at  a  given  point  in  the  air  passage 
where  the  vacuum  is  directly  related  to  and  determined  by  the  air- 
flow rate,  and  if  at  the  same  time  the  fuel  supply  were  taken  from  a 
constant-level  chamber  with  a  constant-surface  pressure.  This  end 
may  be  attained  by  (/)  changing  the  position  of  a  fixed  area  fuel 
nozzle  in  a  fixed  area  tapered  air  passage,  or  the  position  of  the  air 
passage  around  the  fuel  nozzle,  used  in  connection  with  a  constant 
level,  constant  pressure  fuel-supply  chaJtnber ;  (g)  admitting  air  to  the 
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fuel  passage  at  a  point  between  the  fuel-supply  chamber  and  the  fuel 
nozzle,  to  reduce  the  vacuum  there  and  reduce  the  fuel  flow,  used  in 
connection  with  fixed  flow  areas  and  otherwise  constant  fuel-supply 
heads;  (h)  reducing  the  pressure  in  the  constant-level  fuel-supply 
chamber,  m  connection  with  fixed  flow  areas;  (i)  combinations  of 
changes  of  nozzle  position  in  the  air  passage,  float-chamber  pressure, 
and  of  air  admission  to  fuel  passages.  Again,  it  is  assumed  that 
these  changes  take  place  automatical^  to  vary  with  the  flow  rate. 

Compensation  by  combined  flow  area  and  fuel  head,  includes  all 
of  those  arrangements  in  which  the  flow  area  and  the  fuel  head  vary 
at  the  same  time.  This  may  be  done  by  (;)  associating  valved  fuel 
and  air  inlets,  (a),  (&),  and  ((?),  with  head  control  by  nozzle  position 
(/)  mixed  flow  (g) ;  or  with  float  chamber  pressure  (h) ;  or  with 
their  combinations  (i) ;  but  there  are  two  special  cases  or  multiplicity 
of  fixed  fuel  inlets  coming  into  action  successively  on  which  the  head 
varies  at  the  same  time.    These  are  (k)  the  sin0e  or  multiple  stand 

{)ipe  having  fixed  holes  at  different  vertical  heights  above  a  constant- 
evel,  constant-pressure  fuel-supply  chamber,  fixed  in  an  air  passage, 
so  that  increase  of  vacuum  bnngs  higher  holes  into  action  thereby 
increasing  the  flow  area  at  a  point  of  different  vacuum  than  that  of 
the  lower  holes;  and  (l)  the  tilting  chamber  with  a  series  of  fuel 
holes  or  nozzles,  the  fuel  head  on  which  changes  as  they  are  de- 
pressed with  reierence  to  the  constant-level,  constant-pressure  fuel- 
supply  chamber,  while  at  the  same  time  they  move  in  the  air  passage 
to  regions  of  different  vacuum  due  to  position  rather  than  height. 

In  general,  only  one  of  the  simple  direct  means  of  compensation 
is  necessary,  and  there  is  not  only  no  good  end  attained  by  combining 
in  one  carburetor  more  than  one  compensation  acting  at  the  same 
time,  but  there  is  danger  of  positive  harm  because  one  may  operate 
in  opposition  to  the  other  over  a  part  or  the  whole  of  the  flow  range 
and  thereby  neutralize  the  other,  the  over-all  effect  being  no  better 
than  if  no  compensation  at  all  were  provided  and  the  structure  much 
more  complicated.  Those  developments  that  have  been  made  by  the 
cut-and-try  method  are  most  likely  to  have  double  or  triple  compensa- 
tion, because  the  first  means  being  improperly  worked  out  is  found 
inadequate  and  another  is  added  by  the  experimenter  without  due 
effort  to  perfect  the  first  means.  This  is  not  always  the  case,  how- 
ever, and  there  are  possibilities  of  structural  arrangement  that  natu- 
rally tend  to  combine  the  different  means  of  compensation  and  to  pro- 
duce not  only  the  desired  simple  structure  but  suitable  compensation 
as  well.  Such  cases  as  this  are  the  exception  rather  than  the  rule 
and  should  not  be  regarded  as  an  argument  in  favor  of  multiple 
compensation  which  should  be  used  only  when  there  is  a  good  clear 
advantage  to  be  derived  thereby,  and  when  positive  means  are  pro- 
vided to  prevent  any  possibility  of  interference  and  neutralization 
of  one  by  the  other. 

One  excellent  example  of  this  is  found  in  the  use  of  an  air  inlet 
valve  with  a  fuel  inlet  valve  where  the  fuel  valve  alone  could  pro- 
vide adequate  compensation.  Here  the  air  valve  addition  in  the 
automatic  form  provides  not  only  a  suitable  and  proper  actuating 
means  for  the  fuel  valve,  but  in  addition  it  directly  contributes  to  the 
prevention  of  a  high  vacuum  in  the  mixing  chamber  so  undesirable 
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from  the  standpoint  of  maximum  engine  capadty  which  requires 
that  the  fuel  charge  have  the  highest  possible  absolute  pressure. 

Those  subclasses  that  have  some  sort  of  compensation  but  inade- 
cjuate  or  impropertly  applied,  are  jud^d  as  bad  to^  fair,  while  those 
in  which  the  compensation  is  proper  in  kind  are  judged  as  fair  to 
good,  depending  on  the  degree  to  which  use  is  made  of  the  compen- 
sation possibilities,  and  finally  the  triple  judgment  is  applied  to  those 
subclasses  in  which  the  defimtion  may  include  the  whole  range  from 
no  compensation  at  all  to  complete  and  satisfactory  correction  of 
wrong  proportions. 

The  judgment  of  bad  to  fair  is  applied  to  the  following  compen- 
sated subclasses  because  the  compensation  is  inadequate  or  wrongly 
related  to  flow. 

(A)  Compensation  wrongly  related  to  flow  because  the  throttle 
is  the  actuating  element,  and  tiirottle  position  is  not  the  determining 
factor  in  fixing  the  rate  of  flow : 

I.  Throttle  actuates  the  fuel  regulating  valve.  Subclass  11.1, 
single  or  multiple  fuel  inlet  with  single  or  multiple  fixed  air  inlet; 
and  subclass  12.4  single  fixed  fuel  imet,  single  air  inlet  with  auto- 
matic valve. 

II.  Throttle  actuates  the  air  regulating  valve  or  is  itself  the  air 
valve.  Subclass  7.1,  single  fixed  fuel  inlet  between  single  air  inlet 
valve  and  throttle;  subclass  7.2,  single  fixed  fuel  inlet  in  front  of 
single  air  inlet  valve  acting  as  throttle;  subclass  8.1,  single  fixed  fuel 
inlet  fixed  primary^  and  throttle  controlled  secondary  air ;  subclass  8.3, 
single  fixed  fuel  inlet,  automatic  primary  and  tnrottle  controlled 
secondary  air;  subclass  8.5,  single  nxed  fuel  inlet,  primary  and  sec- 
ondary air,  both  throttle  controlled. 

III.  Throttle  actuates  both  the  fuel  and  the  air  regulating  valves 
or,  acting  as  the  air  reflating  valve,  actuates  the  fuel  valve.  Sub- 
class 12.1,  single  fuel  inlet  beyond  single  air  valve  acting  as  throttle; 
subclass  12.2,  single  fuel  inlet  between  single  air  valve  and  throttle; 
subclass  12.3,  single  fuel  inlet  at  or  in  front  of  air  valve  acting  as 
tlyottle;  subclass  13.1^  single  fuel  inlet,  fixed  primary  and  throttle 
controlled  secondary  air;  subclass  13.2,  single  fuel  inlet,  throttle  con- 
trolled primary  and  secondary  air;  subclass  13.4,  single  fuel  inlet, 
fixed  primary  and  automatic  secondary  air;  part  of  subclasses  14.1 
and  14.2,  including  all  caaes  of  throttle  control. 

IV.  Throttle  control  of  succession  of  multiple  fixed  fuel  jets,  in 
single  or  separate  air  passages.  Subclass  6.2,  more  than  two  fixed 
fuel  inlets,  each  in  separate  fixed  air  inlet;  subclass  9.2,  more  than 
two  fixed  fuel  inlets  in  single  air  passage;  part  of  subclass  9.5,  the 
tilting  chamber,  with  multiple  fuel  nozzles,  if  tilted  by  the  throttle 
or  air  valve,  acting  as  throttle. 

(B)  Compensation  wrongly  related  to  flow  because  discontinuous. 
Two  point  compensation  instead  of  continuous  or  multiple  point  by 
successive  or  alternate  action  of  two  fuel  inlets,  each  separately  ad- 
justable for  one  diflFerent  flow  rate  at  the  ends  of  the  range,  whether 
the  succession  be  controlled  by  the  throttle  position  or  9ie  vacuum 
in  one  or  separate  air  passages.  Subclass  5.1,  one  fixed  main  fuel 
inlet  and  one  fixed  auxiliarly  high-speed  jet,  single  fixed  air  inlet; 
subclass  5.2,  one  fixed  main  fuel  inlet  and  one  fi^ed  auxiliary  low- 
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speed  or  idling  jet,  single  fixed  air  inlet;  subclass  6.1,  double  carbu- 
retor with  two  fixed  fuel  inlets  in  separate  fixed  air  passages,  succes- 
sion controlled  by  throttle ;  subclass  6.3,  double  carburetor  with  two 
fixed  fuel  inlets  m  separate  fixed  air  passages,  succession  controlled 
by  vacuum;  subclass  9.4^  one  fixed  main  fuel  inlet  and  one  fixed 
auxiliary  low-speed  or  idling  jet  in  single  variable  air  passage, 
vacuum  or  throttle  succession. 

The  judgment  of  fair  to  good  is  applied  to  the  following  subclasses 
because  each  provides  compensation  of  a  proper  kind,  which  may  or 
may  not  be  adequate  in  degree.  The  several  subclasses  are  grouped 
according  to  the  type  of  compensation  that  is  the  pontrolling  one, 
if  two  or  more  are  provided,  as  is  the  case  in  some  instances. 

(A)  Automatically  varying  relation  of  fuel  nozzle  to  air-passage 
throat.  Subclass  8.4,  throat  moves  past  fixed  nozzle,  or  nozzle  moves 
in  fixed  throat,  without  changing  fuel  or  air  inlet  area,  movement 
controlled  by  the  vacuum  corresponding  to  the  air-flow  rate. 

(B)  Mixed  flow  fuel  head  control  by  admission  of  air  to  the  fuel 
passage  to  vary  the  fuel  flow  head  on  the  delivery  side,  the  amount 
of  mixed  flow  and  air  and  its  compensating  effect  controlled  by  the 
vacuum  corresponding  to  the  air-flow  rate.  Subclass  4.1,  single  fixed 
fuel  inlet,  single  fixed  main  air  inlet^  with  auxiliary  mi?ed  flow  air 
inlet  acting  continuously  perintermittently ;  subclass  6.5,  multiple 
fixed  fuel  and  air  inlets,  at  least  one  air  inlet  entering  at  lea^^  one  of 
the  fuel  passages,  and  acting  continuously  or  intermittently  j  sub- 
class 8,6,  single  fixed  fuel  inlet,  multiple  variable  air  inlets,  at  least 
one  of  the  air  inlets  entering  the  fuel  passage  and  acting  contuM- 
ously  or  intermittently;  subclass  11.3,  single  or  multiple  fixed  air 
inlets,  at  least  one  of  the  air  inlets  entering  at  least  one  of  the  fuel 
passages  and  acting  continuously  or  intermittently. 

(C)  Float-chamter  pressure  control  by  passing  air  through  the 
top  of  the  float  chamber  to  the  mixing  chamber  to  vary  the  fuel 
flow  head  on  the  supply  side,  the  compensating  effect  controlled  by 
the  vacuum  corresponding  to  the  flow  rate.  Subclass  3.5,  single  fixed 
fuel  and  air  inlets,  with  small  auxiliay  air  flow  through  top  of  float 
chamber;  subclass  7.5,  single  fixed  fuel  and  single  variable  air  inlets 
with  anall  auxiliary  air  flow  through  top  of  float  chamber;  subclass 
12.7,  single  variable  fuel  and  air  inlets,  with  small  auxiliary  air  flow 
through  top  of  float  chamber. 

(D)  Fuel  standpipe  double  control  of  fuel  head  and  fuel  flow  area, 
the  head  on  the  successive  holes  and  the  number  and  area  of  holes  con- 
trolled by  the  vacuum  corresponding  to  the  air-flow  rate.  The  fuel 
inlets  are  all  described  as  multiple  fixed  and  associated  with  the 
following  elements:  Subclass  5.3,  single  fixed  air  inlet;  subclass  6.6, 
multiple  fixed  air  inlets;  subclass  9.3,  single  variable  air  inlet;  sub- 
class 10.5,  multiple  fuel  nozzles  if  tilted  by  vacuum  or  air  flow. 

(E)  An  inlet  area,  varied  by  regulating  valve  with  single  fixed 
fuel  inlet,  the  valve  controlled  by  the  vacuum  corresponding  to 
air-flow  rate  or  by  the  flow  rate  itself  directly.  Subclass  7.3,  single 
air  inlet,  with  automatic  valve,  fuel  entering  beyond;  subclass  T.4, 
single  air  inlet,  with  automatic  valve,  fuel  entering  at  point  swept  by 
entering  air;  subclass  8.2,  fixed  primary  and  automatic  valvea  sec- 
ondarf  air  inlets;  subclass  8.4,  primary  and  secondary  air  inlets,  both 
automatic  valved. 
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(F)  Air  inlet  area  varied  by  regulating  valve  with  multiple  fixed 
fuel  inlets  in  one  or  in  separate  air  passage,  the  active  area  of  each, 
and  the  succession  of  which,  are  controlled  by  a  valve  actuated  by 
the  vacuum  corresponding  to  the  air  flow  rate  or  by  the  air  flow  itself 
directlv.  Subclass  6.4,  more  than  two  fixed  fuel  inlets,  each  in  a  sep- 
arate fuel  passage  and  fixed  except  for  the  single  automatic  valve; 
subclass  9.1,  multiple  fixed  fuel  inlets  in  single  air  passage  brought 
into  action  successively  as  the  automatic  valve  changes  the  air  now 
area. 

(G)  Fuel  inlet  area  varied  by  regulating  valve,  with  single  or 
multiple  fixed  air  inlets,  automatically  with  the  air  flow  rate.  Sub- 
class 11.2,  single  fuel  inlet,  fuel  valve  actuated  by  the  vacuum  corre- 
sponding to  the  air  flow  rate  or  by  the  air  flow  itself  without  chang- 
ing the  air  inlet  area. 

(H)  Fuel  and  air  inlet  areas  both  varied  automatically  with  the 
air  flow  rate,  the  fuel  valve  acutated  by  the  automatic  air  valve,  or 
the  air  and  fuel  valves  independently  actuated  by  the  vacuum  cor- 
responding to  the  air  flow  rate  or  by  the  air  flow  itself  directly.  Sub- 
class 12.5,  single  fuel  and  air  inlet,  fuel  valve  controlled  by  automatic 
air  valve ;  sucKslass  12.6,  single  fuel  and  air  inlet,  the  fuel  inlet  valve 
controlled  directly  by  the  vacuum  or  the  air  flow  and  the  air  entering 
through  a  mechanical  or  an  air  automatic  valve ;  subclass  13.3,  single 
fuel  valve  controlled  directly  by  the  vacuum  or  air  flow  with  fixed 
primary  and  variable  secondary  air ;  subclass  13.8  single  fuel  inlet,  fixed 
primary  and  automatic  valved  secondary  air  actuating  the  fuel  valve; 
subclass  13.6,  single  fuel  inlet,  automatic  primary  and  secondary  air 
valves,  one  or  both  controlling  the  fuel  valve;  part  of  subclasses  14.1, 
and  14.2  including  all  those  cases  where  the  fuel  and  air  control  is 
automatic  and  not  b^  throttle. 

(I)  Successive  point  fuel-area  control  with  regular  variation  of 
air  area  automatically.    Subclass  10.1,  two  fuel  inlets,  one  fixed  main 

t'et,  and  one  fixed  auxiliary  high-speed  jet  brought  into  action  at 
dgh-flow  rates  by  the  vacuum  or  by  the  action  of  the  automatic 
secondary  air  valve,  with  fixed  primary  and  automatic  secondary  air 
inlets;  su!bclass  10.2,  two  fuel  inlets,  one  fixed  main,  and  one  fixed 
auxiliary  low-speed  or  idling  jet  brought  into  action  hy  the  vacuum 
above  the  throttle  or  by  the  throttle  closure,  with  fixed  primary 
and  automatic  secondary  air  inlets;  subclasses  10.3  and  10.4,  two  or 
more  fuel  inlets  each  with  a  separate  air  passage  receiving  all  or 
part  of  the  air  through  an  automatic  valve,  with  or  without  a  com- 
mon automatic  secondary  air  valve,  the  succession  of  action  of  the 
several  chambers  being  controlled  by  the  vacuum,  respectively. 

The  triple  judgment,  or  no  jud^ent  at  all,  applying  to  all  the 
general  classes  except  the  first,  which  is  rejected  as  uncompensated, 
also  applies  to  the  following  subclasses,  with  the  division  and  limita- 
tion noted  in  each  case.  The  first  of  these  is  subclass  9.5,  concerned 
with  fuel-head  and  fuel-flow  area  control  simultaneously,  somewhat 
similar  to  the  standpipe  idea,  but  here  brought  into  action  by  tilting 
a  multijet  chamber.  If  the  tilting  be  accomplished  by  the  vacuum 
or  air  flow  automatically,  then  these  cases  belong  in  the  fair  to  good 
^up  (D) ;  but,  on  the  other  hand,  if,  as  is  more  often  the  case,  the 
Biting  be  done  by  the  throttle  or  by  an  air  valve  acting  as  throttle, 
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then  they  fall  in  the  bad  to  fair  group  (A).  Similarly,  sub- 
class 14.1,  two  fuel  inlets,  one  fixed  and  the  oth^T  with  a  regulating 
valve  for  high  speed  in  connection  with  single  or  multiple  variable 
air,  belongs  with  the  fair  to  ffood  group  (H),  if  the  fuel  valve  is 
controlled  by  the  vacuum  or  low,  even  if  the  air  valve  is  throttle 
controlled,  and  more  especially  so  if  it  is  automatic  and  itself  con- 
trols the  fuel ;  whereas,  on  the  other  hand,  if  the  fuel  valve  is  throttle 
controlled  even  with  an  automatic  air  valve,  and  especially  with  a 
throttle-controlled  or  throttle-acting  air  valve,  the  case  belongs  with 
the  bad  to  fair  group  (A) .  Again,  those  multiple  carburetors  each 
unit  of  which  contains  a  variable  fuel  and  variable  air  element,  and 
to  which  may  be  added  a  common  secondary  air  valve,  belong  to 
the  fair  to  good  group  (H),  or  to  the  bad  to  fair  group  (A),  no 
matter  whether  the  succession  or  progression  is  controlled  auto- 
matically or  by  the  throttle,  dependmg  on  the  nature  of  the  control 
of  the  separate  unit  fuel  and  air  valves,  to  the  former  if  automatic, 
to  the  laUer  if  connected  to  th]:ottle. 

Assuming  that  by  this  analysis  a  series  of  typical  forms  and  ar- 
ran^ments  of  compensating  carburetors,  classed  as  fair  to  good,  in- 
volving a  set  of  generally  available  compensating  means  that  can  be 
used  smgle,  or  several  of  which  can  be  jointly  employed  to  coact  in  a 
single  carburetor,  provided  interference  and  neutralization  of  their 
innuences  is  prevented,  it  is  necessary  to  establish  some  basis  of  dis- 
tinguishing the  fair  from  the  good,  or  more  directly  to  specify  the 
elements  or  conditions  that  shall  yield  a  good  rather  than  merely  a 
fair  result.  This  is  the  quantitative  side  of  the  question  and  gener- 
ally speaking  is  not  the  sort  of  thing  that  can  oe  put  into  general 
language,  but  requires  first  the  establishment  of  a  large  quantity  of 
experimental  data  on  flow  laws  or  the  relation  of  the  vacuum  at  a 

Soint  in  an  air  passage  that  might  be  occupied  by  a  fuel  jet  to  the 
ow  law  of  the  air  passage,  all  reduced  to  algebraic  or  at  least  to 
graphic  and  tabular  form. 

It  is,  however,  possible  to  draw  a  few  general  conclusions  of  some 
value  as  guides.  In  the  first  place,  it  must  be  pointed  out  that  all 
the  different  topical  means  of  compensation  that  belong  to  the  general 
class  of  varying  the  fuel  flow  head  from  what  it  would  be  with  a 
fuel  nozzle  in  a  fixed  position  in  the  air  passage  and  a  constant  level 
fuel  supply  at  constant  surface  pressure  are  themselves  dependent 
on  flow  laws.  Therefore,  to  apply  such  compensation  as  is  deriv- 
able from  mixed  flow  float  chamber  pressure  control,  and  fuel  stand- 
pipes,  the  flow  laws  of  the  uncompensated  passages  must  not  only  be 
known,  but  also  the  laws  of  flow  for  the  compensating  passages  them- 
selves. The  same  thing  is  true  for  the  compensation  by  variable 
relation  of  the  fuel- jet  position  in  the  air-passage  throat,  because 
unless  the  vacuum  at  every  point  of  the  throat  is  known  for  any  flow 
rate,  it  is  impossible  to  determine  how  much  movement  mil  be 
needed  to  compensate  for  the  incorrect  proi)ortions  that  result  from 
a  fixed  position.  Of  course,  as  has  been  pointed  out  before,  the  de- 
sired result  may  be  attained  by  cut  and  try  methods,  but  it  is  more 
•  than  likely  that  such  methods  will  produce  only  a  measure  of  what 
is  possible  by  the  scientific  method,  though  it  is  possible  that  patience 
and  good  luck  may  make  data  unnecessary.    Of  the  three  fixed  pas- 
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sage  compensating  means,  that  by  mixed  flow  is  by  all  odds  the  best, 
the  standpipe  suffering  interference  by  inertia  and  reauiring  exces- 
sively minute  orifices  when  the  aggregate  of  many  snail  equal  in 
area  a  single  one  that  is  itself  pretty  small.  The  float  chamber  pres- 
sure control  is  next  in  order  oi  promise,  but  is  subject  to  interference 
by  leaks,  dirt,  and  splashing  when  under  vibration  or  when  tilted. 

The  next  conclusion  worthy  of  notice  is  that  all  these  compensa- 
tions by  fuel-flow  head  control  are  applicable  to  fixed  passageways 
which  once  established  need  no  further  adjustment  except  as  may 
be  required  to  correct  for  fuel  and  air  density  and  fuel  viscosity 
changes,  the  function  of  subclasses  15.1  and  15.2,  though,  of  course, 
these  can  not  be  expected  to  correct  for  a  change  in  the  character 
of  the  fuel  when  a  more  viscous  is  substituted  for  a  less  viscous  kind. 
This  is  one  limitation  of  the  fixed  fuel  passage  carburetor,  and  is 
an  offset  to  its  excellent  feature  of  nonadjustability,  a  matter  of 
greater  importance  the  less  the  skill  of  the  operator.  Perhaps  a 
more  serious  drawback  is  the  rate  at  which  the  vacuum  increases  and 
the  mixture  density  decreases,  with  increase  of  flow  rate,  when  the 
air  passage  is  one  of  fixed  area.  It  is  clear  that  if  at  low  speeds  the 
air-mlet  area  is  small  enough  to  establish  a  reliablv  steady  fluel  flow, 
then  at  the  maximum  flow  rate  corresponding  to  tne  maxmium  speea 
and  load  of  the  engine  the  mixture  vacuum  will  be  quite  high  and 
the  capacity  of  the  engine  lower  than  it  would  be  if  tiie  air-inlet 
area  increased  with  flow  rate,  other  things  bein^  equal. 

This  is  the  principal  argument  in  favor  of  tne  automatic  valved 
air  inlet,  which  has  a  good  deal  to  recommend  it  otherwise,  and  no 
very  serious  disadvantages,  if  intelligently  worked  out.  No  auto- 
matic valve  that  requires  a  variable  load  derived  from  a  spring,  the 
resistance  of  which  varies  with  its  distortion,  can  be  approved,  nor 
can  any  loading  linkage  or  cam  arrangements  in  which  wear  or  dirt 
may  affect  the  motion  or  the  loading.  Any  possibility  of  this  sort 
means  an  unexpected  and  perhaps  msastrous  interference  with  the 
compensation  and,  therefore,  with  the  working  of  the  en^ne.  There 
can  be  no  corresponding  objection  to  the  use  of  automatic  air  valves 
that  are  gravity-loaded  without  springs  or  that  have  spring  loads 
that  are  constant — ^that  is,  that  do  not  vary  with  the  entire  range  or 
distortion  permitted,  a  constant  load  spring  being  precisely  equiva- 
lent to  a  gravity  load  except  for  the  item  of  inertia  which  is  less. 
Another  similar  loading  that  is  possible  is  the  constant  buoyancy  of 
a  float  constantly  submerged  in  a  liquid  chamber.  With  such  load- 
ing, moreover,  the  air  valve  can  be  relied  upon  for  movement  over 
its  whole  range  with  but  little,  if  any,  change  of  vacuum  and,  there- 
fore, becomes  a  means  of  securing  a  mixture  at  the  maximum  possi- 
ble absolute  pressure  without  the  use  of  boosting  fans,  blowers,  or 
piunps. 

Only  such  forms  of  automatic  air  valve  should  be  used  as  are  not 
aabject  to  sticking,  a  defect  of  this  class  of  appliance,  because  the 
actuating  forces  are  feeble.  Certainly  the  form  should  be  s^ich  that 
wear  shall  not  interfere  with  the  action  by  creating  a  leak  path  for 
the  air.  ^  This  points  to  centrally  guided  valves  of  the  circumferen- 
tial seating  form  rather  than  to  piston  or  sleeve  forms.  With  such 
sUght  vacuum  as  develops  with  a  constant  load  automatic  vsdve  the 
72806"— S.  Doc.  650. 64-2 29 
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fuel  flow  required  can  be  maintained  only  by  the  use  of  a  fuel  valve 
the  area  through  or  past  which  must  vary  with  that  through  or  past 
the  air  valve,  and  as  such  air  valves  are  themselves  equivalent  to  air 
meters,  their  movement  indicating  directly  or  indirectly  the  air  flow 
volume,  tills  same  movement  seems  a  most  logical  actuating  means 
of  the  needed  fuel  valve.  Assuming  that  a  connection  of  uiis  sort 
is  to  be  used,  it  must  be  pointed  out  that  the  relative  areas  can  be 
established  experimentally  with  absolute  precision  without  first 
establishing  the  flow  laws  for  the  air  and  fuel  passages,  because  the 
shape  of  the  air  valve  and  its  seat  or  guiding  walls  may  be  selected 
ana  the  proper  form  of  needle  established  by  testing  the  proportion- 
ality over  the  flow  range  and  cutting  the  needle  or  its  seat  to  correct 
for  deficiencies  at  any  point.  The  inverse  and  easier  method  may, 
however^  be  substituted,  that  of  selecting  a  needle  form  that  is  easily 
made  with  precision,^  and  experimentally  shaping  the  air  valve  or 
its  seat.  The  latter  is  preferable  because  of  the  larger  dimensions 
to  be  adjusted  and  the  lesser  consequence  of  shop  error. 

In  this  analysis  the  throttle-controlled  compensations  have  been 
rejected  in  favor  of  those  that  are  automatically  controlled  bj  the 
air-flow  conditions',  on  the  assumption  that  the  throttle  position  is 
not  a  prime  variable  in  the  rate  or  flow  in  carburetors.  This  is  cer- 
tainly justifiable  in  the  case  of  engines  of  the  automobile  class  where 
resisting  torque  is  widely  variable,  and  therefore  engine  speed  and 
carburetor  flow  rate  also  under  any  g^ven  throttle  position.  It  is 
true  to  a  lesser  degree  of  engines  driving  screw  propellers  whether 
they  be  in  water  or  in  air.  If  the  propeller  for  a  given  engine  were 
to  be  always  the  same,  and  if  it  were  to  rotate  in  water  or  air  always 
in  the  same  state  of  densitv  and  of  motion  as  to  amount  and  direction^ 
then  it  would  not  be  true,  because  the  engine  speed  and  the  carburetor 
flow  rate  would  be  controlled  by  the  throttle  alone.  In  view,  how- 
ever, of  the  fact  that  propeller-rotating  resistances  do  vary  at  a  given 
i^eed,  especially  when  rotating  in  air,  and  that  for  a  given  driving 
torque  the  rotative  speed  will  also  varv,  then  the  throttle  position 
ceases  to  be  a  prime  variable,  though  the  situation  is  not  so  bad  as 
with  the  land  vehicle.  That  carburetors  can  be  designed  to  meet  the 
worst  sort  of  independence  of  flow  rate  with  respect  to  throttle  posi- 
tion, warrants  the  conclusion  that  this  sort  must  be  approved  even 
for  the  propeller  service  over  the  others  that  depend  for  their  accu- 
racy of  proportioning  on  the  assumption  that  now  rate  is  fixed  by 
throttle  position  alone,  and  always  will  be  no  matter  when,  where,  or 
how  used. 

All  variations  in  flow  rate  through  a  carburetor  having  any  sort 
of  throttle-controlled  compensation  that  take  place  at  any  fixed 
throttle  position,  due  to  changes  in  resisting  torque  mainly,  though 
to  some  extent  also  to  spark  angle,  must  affect  mixture  proportions 
as  if  the  throttle-actuated  compensator  were  absent.  This  would 
most  seriously  disturb  those  classes  in  which  the  only  compensation 
provided  were  throttle  controlled,  and  less  seriously  those  in  which 
the  throttle-controlled  compensator  supplements  another  compensa- 
tor that  is  automatically  actuated  by  now  conditions  directly.  The 
result  would  be  least  serious  in  boat  and  aero  engines  and  most  in 
land  transportation  machines,  like  the  automobile,  tractor,  and  rail- 
road engines. 
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Even  if  it  should  be  found  in  the  case  of  propeller-drive  engines 
for  aero  and  marine  work  that  throttle-controlled  compensators  did 
not  seriously  disturb  proportionality  in  the  carburetor,  it  is  neverthe- 
less advisable  to  use  even  for  them  those  classes  of  carburetors  hav- 
ing automatic  compensation,  controlled  directly  by  the  flow  rate,  un- 
less it  could  be  shown  that  more  would  be  lost  than  gained  by  so 
doing.  One  condition  that  might  be  cited  as  an  example  justifying 
such  a  decision  is  that  of  sticking  versus  nonsticking  of  a  moving 
part,  which  in  the  preferred  group  of  carburetors  is  automatically 
actuated  by  the  flow  rate,  but  in  the  other  is  manually  controlled. 
Even  the  most  perfect  carburetor  from  the  proportionality  stand- 
point might  properly  be  described  in  favor  of  a  less  accurate  instru- 
ment with  a  throttle-actuated  compensator,  if  in  the  former  case  the 
movement  of  an  air  valve,  for  exami>le,  were  irregular  and  jerky, 
imtil  such  time  as  improved  mechanical  design  crald  remedy  the 
defect  and  insure  reliability  of  actiotD. 
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PART  V. 


PLOW  LAWS  FOR  GASES  AND  LIQUIDa  WITH  SPECIAL 
REPERENCE  TO  AIR  AND  GASOLINE  IN  PASSAGES 
POUND  IN  CARBURETORS,  WITH  COEPPICIENTS  OR 
TEST  DATA  TO  BE  POUND  IN  THE  LITERATURE  OP  THE 
SUBJECT. 

By  Chaxlxs  B.  Luoke. 


(A)  FORMULAE  FOR  THE  FLOW  OF  FLUIDS,  BASED  ON  HYDRAU- 
LIC AND  THERMODYNAMIC  LAWS. 

1.  Flow  of  fktids — Oeneral  condUUyns. — Before  giving  coefficients 
for  special  cases,  it  seems  desirable  to  review  briefly  the  general  laws 
for  the  flow  of  gases  and  liquids. 

The  simplest  case  is  that  of  a  fluid,  gaseous  or  liquid,  passing 
through  a  straight  pipe  of  unvarying  cross  section.  It  all  the  par- 
ticles of  the  fluid  move  in  straight  paths  parallel  to  the  axis  of  the 
pipe,  and  with  the  same  velocity^  the  quantity  by  volume  passing 
a  given  cross  section  in  unit  time  is  ^=u.  A^  where  u  is  the  velocity 
of  any  particle  and  A  the  area  of  the  cross  section.  This,  however, 
does  not  represent  the  actual  case.  Close  to  the  wall  will  be  a  dead 
layer  of  fluid  clingine  to  the  pipe  and  having  no  velocity.  Next  to 
this  layer  will  be  a  slowly  moving  layer  and  the  velocities  of  these 
thin  layers  will  increase  toward  the  center  of  the  pipe,  where  the 
maximum  velocity  is  found.  In  general,  then,  if  the  quantitv  is  to 
be  determined  by  velocity  measurements,  as,  for  instance,  by  the 
use  of  a  Pitot  tube,  the  velocity  will  have  to  be  determined  at  a  number 
of  points  representing  equal  areas  and  the  actual  mean  velocity 
found.  In  that  case  the  eauation  still  is  ^=t^m<  A.  where  u^  is  the 
mean  velocity.   In  general,  however,  the  equation  will  have  to  be— 

«  =  /a.du  (1) 

Experience  has  shown  that  even  the  case  in  which  friction  is 
considered  does  not  represent  actual  conditions  except  at  the  very 
lowest  velocities,  i.  e.,  in  general  the  individual  particles  do  not 
move  in  straight-line  paraflel  paths.  Instead  the  flow  is  more  or 
less  turbulent.  This  is  due  to  viscositnT,  which  varies  between  the 
widest  limits  among  different  fluids,  and  even  for  any  one  fluid  when 
the  temperature  changes.  Even  in  the  case  of  the  lightest  gases 
viscosity  plays  a  certam  part.  Whenever  the  difference  in  velocity 
between  two  adjacent  layers  becomes  great  enough,  depending  on 
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the  kind  and  condition  of  the  fluid,  the  two  layers  will  actaally 
separate,  and  turbulent  flow  is  the  result. 

If  the  cross  section  of  the  pipe  or  channel  varies,  the  mean  velocity 
can  not  remain  constant.    For  continuous  flow  the  weight  passing 

any  section  in  unit  time  must  be  constant,  and  if  ^  represents  this 

V 

quantity  and  v^,  A^w^  represent  the  mean  velocity,  area,  and  specifio 

weight,  respectively,  at  section  1,  and  using  similar  subscripts  for 

other  sections, 

W 

j'^A^u^w^  «^t^w,-A.t£»w«  (2) 

For  liquids  the  specific  weight  is  practically  constant  and  the  equation 
simplifies  to 

A^Ui — -4  jUa — A^u^  (2a) 

Thus  for  liquids  the  areas  are  inversely  proportional  to  the  velocities, 
and  for  very  small  pressure  changes  this  also  applies  to  gases  and 
vapors  with  sufficient  accuracy. 

2.  Flaw  of  gases— General  case — Thearetioal  fLaw  raie. — Not  only 
the  weight  passing  any  cross  section  in  unit  time  must  be  constant, 
but  also,  according  to  the  law  of  the  conservation  of  energy,  the 
energy  per  unit  mass  at  one  pdmit  of  the  pipe  must  be  equal  to  the 
energy^  per  unit  mass  of  the  stuff  at  any  other  |>oint  in  the  pipe  if 
there  is  no  heat  interchange  with  the  surrounding  medium.  This 
is  expressed  by  the  equation 

/i+Pit^i+g-/,+ftt;,+g  (3) 

«  Constant 
in  which  /i,,^ internal  eneigy  per  pound  of  fluid 

;>i,, » static  pressure  in  pounds  per  square  foot  abs. 
Vj.j^  specific  volume  in  cubic  feet  per  pound 
^,,«  velocity  in  feet  per  second 
Sr= gravitational  acceleration 
«  32.16  feet  per  second  per  second. 

This  assumes  the  centers  of  sections  1  and  2  to  •  be  on  the  same 
level,  i.  e.,  a  horizontal  pipe,  p^  is  the  pressure  which  would  be 
indicated  on  a  gauge  floating  in  the  stream.  It  may  be  determined 
by  drilling  a  hole  at  right  angles  to  the  wall  of  the  pipe  and  attach- 
ing a  manom&ter  or  gauge,  but  this  will  give  the  true  static  pressure 
oiJy  at  low  velocities.  At  higher  velocities  the  aspirating  effect 
lowers  the  readings. 
Transposing 

2^"2j"^i'*"Pi^»"^*"P»^>  (3a) 


Buming  adiaoatic  conditions, 

A-/,"^^^  where  n-^ 
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substituting  and  simplyf ying, 


but, 
hence. 


2i^    2i7    n-l^'^'L       2>t  J 


(4) 


For  continuous  flow  from  equation  (2), 

hence, 

substituting  in  equation  (4) 


«>-«»•  t'^^'/^ 


IM 


and 


^V^'^Hj^] 


^--^.f!'' 


^     n      Pi         ^    W* 


(6) 


(8) 


(7) 


This  equation  is  based  on  the  assumption  of  nonturbulent  flow  and 
neglects  heat  flow  through  the  pipe  walla  '  When  it  is  used  for  Ven- 
turi  meter  tubes,  ^^  is  the  upstream  pressure  and  p^  the  pressure  at 
the  "  throat"  v^  is  the  reciprocal  or  the  density  at  upstream  pres- 
sure and  n  for  air  is  1.403. 

8.  Flow  of  gase9 — Theoretical  flow  rate  for  small  pressu/re  differ- 
ences. — In  equation  (3a)  the  right-hand  member  is  an  expression 
of  the  work  during  the  change  from  condition  (pi,  v^)  to  (©j?  P%)* 
Graphically  it  is  represented  by  the  indicator  card  of  an  ideal  air 
engine  or  air  compressor,  with  no  clearance  and  adiabatic  expansion 
or  compression.  Now  when  the  pressure  range  is  very  small,  this 
diagram  becomes  practically  a  rectangle,  i.  e.,  v^  is  very  nearly  equal 
to  t;^  so  that  equation  (8a),  is  simplified  and  reads, 


u      u 
2g    2g 

— Sl— £l  where  t(^»mean  density. 

WW 


(8) 
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It  can  be  shown  that  the  error  of  this  appioximation  is  equal  to 
ressure  range  f^^.  ^^  ^^  ^  ^j^^  ^^.^^^  j^  ^^^  ^  exceed  1  per 
2.8         pressure  ^ 

cent  the  pressure  range  must  not  exceed  2.8  per  cent  of  the  pressure. 
Thus  for  work  near  atmospheric  pressure  tne  pressure  range  must 
not  exceed  0.028X408  « 11.4  inches  of  water  for  a  maximum  error 
of  1  per  cent;  or  22.8  inches  if  2  per  cent  are  allowed.  It  is  well  to 
know  exactly  what  error  to  expect  when  using  an  approximation 
and  not  simply  to  speak  about  ''small  pressure  drops"  without 
specifying. 

4.  Flow  of  gases  (krough  orifices — TJieoreiical  ilow  rates — Oeneral 
case — OrUical  pressure  ratio. — ^When  a  gas  flows  from  a  large  vessel 
throTigh  any  kind  of  an  orifice  into  the  atmosphere  or  into  another 
vessel^  the  pressure  in  the  vessel  p^  being  greater  than  the  pressure 
outside,  p„  the  general  equations  (6)  and  (7)  of  course  apply,  so  long 
as  adiabatic  flow  is  assumed,  but  they  may  be  simplifiea,  since  the 

term  \X^\jr\  \^)       becomes  very  nearly  equal  to  one  and  may 

be  neglected.  In  tne  case  of  the  flow  from  the  atmosphere  into  the  car- 
buretor, for  instance  u*  becomes  zero  and  the  above  term  does  not 
exist.     In  other  cases  tne  error  wiU  have  to  be  determined. 

With  the  assumption  then  that  v^  is  very  large  compared  with  t^, 
equation  (6)  is  transformed  into 

where  u  is  the  velocity  of  efllux  from  the  orifice  and  p,  the  pressure  at 
the  smallest  cross  section  of  the  orifice  which  for  the  present  is  as- 
sumed to  be  a  hole  in  a  thin  plate  or  a  short  converging  nozzle,  so  that 
p.  is  equal  to  the  pressure  oi  the  medium  into  which  discharge  takes 
place.  The  latter  statement,  howeVer,  is  not  generally  true  as  will  be 
seen  below. 

Equation  (7)  takes  this  form: 


W. 
or 


1/n     I  n-1 


or,  for  air,  for  a  roimd  orifice  of  diameter  d  inches,  the  initial  temper- 
ature of  the  air  being  60°  F. 

I        TSS         7m 

F««- 0.000491  cPp,'\fh\  -  (h\  (105) 

The  only  variable  in  (9)  and  (10)  is  the  pressure  ratio  (^  j;  and  if, 


by  means  of  graphical  method  or  by  differential  calculus,  the  value 
of  ^  for  maximum  flow  is  determined^  the  following  result  is  obtained : 


Digitized  by 


Google 


AERONAUTICS.  457 

This  is  called  the  critical  pressure  ratio.  It  means  that  if  values  are 
calculated  for  TT,  keeping  p^^  constant  and  gradualljr  reducing  p^^ 
the  back  pressure,  the  discharge  increases  until  the  critical  pressure 
ratio  is  reached.  If  the  pressure  is  reduced  still  further,  tiie  flow 
should  begin  to  decrease,  according  to  the  formula,  until  with 
^2=0  the  flow  would  be  zero.  This  is  manifestly  wrong,  and  many 
experimental  investigations  have  i)roven  that  after  the  flow  rate  has 
reached  a  maximum  value  it  remains  constant,  no  matter  how  much 
the  back  pressure  is  reduced.  Or,  in  other  words,  when  this  critical 
pressure  ratio  is  exceeded  the  pressure  in  the  mouth  of  the  orifice  is 
not  any  more  identical  with  the  pressure  outside.  For  air  with 
n=1.40  the  critical  pressure  ratio  from  equation  (11)  is  0.528,  i.  e,, 
at  53  per  cent  of  the  initial  pressure  the  flow  rate  reaches  its  maxi- 
mum value.  This,  as  has  been  emphasized  in  another  chapter,  must 
not  be  overlooked  by  carburetor  designers,  since,  should  the  pressure 
at  the  throat  of  the  Venturi  tube  reach  this  critical  value,  the  air 
flow  would  cease  to  increase,  while  the  gasoline  flow  out  of  a  nozzle 
located  in  the  throat  of  the  Venturi  tube  would  continue  to  increase 
with  the  pressure  drop. 
The  expression  for  maximum  flow,  substituting  the  oritical  value 

of  (  ^  )  from  (11)  in  equation  (10)  or  (10a),  becomes 

W^-^A  ('-L-Vi~2<7^  -^  (12) 

™*        \7i+l/n— 1  ^v^n+l 

5.  Same  conditions  as  for  {4)'^ApproxinuUinff  ex^essions  for 
flow  rates. — ^Equations  (9)  and  (10)  are  very  awkward  for  numeri- 
cal calculations.  Equation  (8)  gives  very  simple  expressions,  but  is 
accurate  only  for  very  small  pressure  ranges,  as  was  shown  there. 
To  satisfy  the  need  for  simpler  forms  for  the  whole  range  down 
to  the  critical  pressure,  various  approximations  have  been  devised. 
One  is  due  to  Schuler,  who  substituted  a  hyperbola  with  the  exponent 
unity  and  having  its  origin  on  the  volume  axis  in  place  of  the  actual 
adiabatic  curve.  This  results  in  the  following  expression  for  the 
velocity  at  the  mouth  of  the  orifice. 

^EEEHEEIKEal  (13) 


u=y; 


, . ,        n-1  1 

in  which  a™r-r 


—0.353  for  air. 

F-A^^andt,....     £;[l-a(l-a)]  (14) 

The  accuracy  of  this  espieesion  is  as  follows: 

For2s-i.l        1.8  1.6  1.7 

Pi 
Error     -0%     -0.6%     -0.82%     -1.1% 
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6.  Flaw  of  gases  ihraugh  arifices — Theoretical  Jlow  rates — 8maU 
pressure  drops, — ^Equation  (8)  wmch  was  deduced  for  fluids  in  general 
may  be  tisea  for  gas  flow  as  lon^  as  the  pressure  range  is  very  small. 
For  the  limits  of  accuracy,  see  mscussion  under  equation  (8).    When 

the  pressure  ratio  is  less  than  ^""0.9,  the  above  given  accurate 


equations  (9)  and  (10)  or  (13)  and  (14)  have  to  be  used.    When  the 
pressure  ratio  approaches  the  critical  value,  approximate  f ormulao 

deduced   from  u«=  V^S^  in  which  ?i«2iJ~E?  ^^  absolutely  useless. 

Below  wiU  be  found  a  few  enpressions  based  on  equation  (8). 
Durley  CTrans.  A.  S.  M.  E.,  vol.  27)  reduces  it  into  this  form  (for 
air  flow) : 
For  an  orifice  of  diameter  d  inches, 

F,ec  -  0.01369  €pJ^  (15) 

in  which  {  «  difference  of  pressure  iq  inches  of  water. 
P  «  mean  pressure  of  air  in  pounds. 

T«abs.  temperature  of  air  in  ^F.  (supposed  to  remain  un- 
changed). 

Durley  says  that  '^up  to  a  pressure  of  about  20  inches  of  water  above 
atmospheric  pressure  the  results  of  equations  (15)  and  the  accurate 
formula  (10)  agree  very  closelv.  At  higher  differences  of  pressure 
divergence  I>dcomes  noticeable." 

When  the  discharge  takes  place  into  the  atmosphere,  P,  in  Durley's 
formula,  is  about  2,117  pounds  per  square  foot,  and 

W^^O.6299  d^Jj,  (16a) 

which  is  of  the  same  form  as  Fliegner's  formulae: 

W.eo  - 1.06  aJ^^^  when  p,  >  0.53  p^ 

or  for  less  than  two  atmospheres  to  atmosphere. 


(16) 


W..0  =  0.53  |f  when  ft  <  0.53  ft  (17) 

or  for  more  than  two  atmospheres  to  atmosphere. 

In  (16)  and  (17)  the  pressures  are  in  pounds  per  square  inch. 
T=°F  abs. 

Clark,  for  small  pressure  differences,  uses  the  form : 

u— 66.35-^  where  &«  pressure  difference  in  inches  of  water.     (18) 
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(B)  ACTUAL  FLOW  RATES  FOR  GASES— RESULTS  OF  EXPERI- 
MENTAL INVESTIGATIONS— COEFFICIENTS  FOR  FORMULAS 
GIVEN  IN  PART  A,  FOR  GAS  FLOW. 

1.  Coefficients  generally  necessary — Reasons. — ^In  the  formulas 
mentioned  so  far  the  velocity  and  the  weight  of  the  fluid  are  seen  to 
depend  only  on  the  pressure  drop  and  on  Qie  flow  area.  Experience, 
however,  shows  that  the  flow  rate  also  is  affected  by  the  cross  section 
of  the  shape  of  the  orifice  or  nozzle  or  channel  section.  And  by 
shape  is  meant  not  so  much  the  shape  of  the  transverse  section, 
whether  circular  or  oval  or  sauare  or  rectangular,  but  the  contours 
of  the  longitudinal  section  rather.  For  instance,  in  the  case  of  flow 
from  a  large  vessel  into  the  atmo^here  through  an  orifice  in  a  thin 
plate,  the  jet  begins  to  form  on  the  inside,  the  particles  of  fluid  being 
accelerated  toward  the  opening.  The  consequence  is  that  the  area  of 
the  cross  section  of  the  jet  a  short  distance  from  the  orifice  is  less 
than  that  of  the  orifice,  i.  e.,  the  jet  is  '^  contracted,''  and  while  the 
theoretical  velocity  may  actually  have  been  developed,  the  weight 
discharged  per  unit  time  is 

W^A'  .u  .w  where  A'^^ii  A  and  /»<! 

If,  in  addition,  due  to  the  viscosity  of  the  fluid,  the  velocity  is  also 
reduced,  the  vdocity  becomes 

u'  — ^  u  where  ip<\ 

The  weight  discharged  therefore  is 

W— M  .  ip  '  A  .u  ,w. 

Although  (i  and  ^  owe  their  origin  to  radically  different  causes,  they 
are  usually  combined  into  one  coeflicient  (7,  so  that, 

C^^.ip  and  TF»ota»i  =»  C,  Wihaor 

C  will  be  called  the  discharge  coefficient.  The  contraction  of  the 
stream  is  caused  by  an  abrupt  change  in  cross  section,  cauMng 
eddies,  and  thus  whenever  loss  of  energy  is  to  be  avoided,  the 
change  from  one  cross  section  to  another  is  made  so  as  not  to  break 
up  the  natural  stream  lines  of  the  fluid.  An  orifice  therefore  made 
with  a  rounded  entrance  gives  less  energy  loss,  hence  closer  approxi- 
mation to  the  theoretical  formula  than  an  orifice  in  a  thin  plate. 
It  does  not  matter  much  what  the  exact  shape  of  the  entrance  por- 
tion is  as  long  as  the  comers  are  rounded  on.  Even  a  small  radius 
sweep  will  result  in  a  very  considerable  improvement  over  the  sharp 
edged  entrance. 

§o  far  the  remarks  apply  equally  to  liquid  and  gaseous  fluida  In 
the  case  of  the  latter^  nowever,  another  phenomenon  must  be  con- 
cidered.  The  conversion  of  kinetic  ener^  mto  heat  energy,  due  to 
friction  and  turbulent  flow,  means  a  rise  in  temperature.  While 
for  liquids  which  are  practically  incompressible,  this  temperature 
rise  does  not  mean  anjrthing  else  but  the  equivalent  velocity  loss,  in 
the  case  of  gases  the  resulting  increase  of  volume  must  be  con- 
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sidered.  The  actual  volume  will  be  greater  than  that  corresponding 
to  adiabatic  change  which  was  assumed  in  the  theoretical  formulsB. 
2.  ActucJ,  flow  of  gases  through  orifices  with  wellrTounded  enr- 
trarvce, — One  of  the  nrst  determinations  for  this  case  was  made  by 
Zeuner.  (Zeuner,  Technische  Thermodynamik,  1st  ed.,  1887,  p.  220, 
2d  ed.,  1900,  p.  256.)  Zeuner  found  for  pressures  greater  than  twice 
the  outside  pressure,  that  tilie  actual  flow  of  air  was  identical  with 
the  calculated  values  within  the  experimental  limits  of  accuracy. 
By  these  experiments,  made  in  1871,  it  was  proven  for  the  first  time 
that  the  discharge  remained  constant  when  the  critical  pressure 
ratio  was  exceed^,  thus  confirming  the  work  of  De  Saint- Venant. 
In  his  later  and  more  accurate  experiments  with  orifices  of  5, 11,  and 
15  mm.  diameter,  Zeuner  found  the  actual  discharge  rates  to  be 
slightly  less  than  the  calculated  values,  or, 

t6S0.97  u^j  in  which  u  «  actual  velocity 

«,  —  calculated  velocity 

For  smaller  pressure  drops  Weisbach  had  obtained  the  same  value 
for  the  discharge  coefficient,  or  WsO.97  TF,  where  W  and  W,  are  the 
actual  and  calculated  weights  discharged  in  unit  time.  Weisbach 
had  used  short  nozzles  (conical  converging  with  parallel  exit  and 
well-rounded  entrance).    (See  Grashof,  Hydraulik,  p.  676.) 

The  addition  of  a  diverging  conical  part  to  a  converging  nozzle 
does  not  affect  the  theoretical  quarUity  aischarged,  and  this  form  of 
nozzle,  which  is  equivalent  to  a  so-called  Yenturi  tube,  must  be  ex- 
pected to  show  the  same  characteristics  with  respect  to  actual  flow  rate 
as  the  diort  nozzle  excepting  that  the  added  surface  will  increase  the 
friction.  It  may  be  mentioned,  in  passing,  that  the  correct  taper  for 
the  diverging  part  of  a  Venturi  tube,  which  has  reached  such  promi- 
nence in  carburetor  design,  might  be  calculated  from  the  pressure- 
volume  relations  in  adiabatic  flow  so  that  the  minimum  pressure  drop 
would  take  place,  i.  e.,  the  minimum  disturbance;  but  in  the  first  place 
the  calculations  would  be  correct  for  one-flow  rate  only,  and  a  mean 
value  would  have  to  be  adopted,  and,  furthermore,  since  one  of  the 
principal  objects  in  introducing  a  Venturi  tube  is  to  produce  a  good 
mixing  effect,  it  would  seem  that  the  more  turbulent  the  flow  is  the 
better  it  would  be  for  general  efficiency,  and  that  good  stream  lines 
are  not  wanted  at  all.  Nozzles  have  lieen  investigated  by  many  ex- 
perimenters on  account  of  their  importance  for  :S;eam  turbines  and 
for  air  and  other  gases — with  a  view  toward  their  use  in  gas  turbines 
and  for  the  purpose  of  measuring  large  quantities  of  air  such  as  the 
discharge  of  air  compressors.  Unfortunately,  however,  most  of  these 
experiments  were  made  for  pressure  ranges  near  or  beyond  the  criti- 
cal pressure  ratio — Stodola's  nozzle  experiments  are  perhaps  the  best 
known.  (See  his  book,  Die  Dampf  turbinen.  Springer,  Berlin.)  Al- 
though most  of  his  work  referred  to  steam,  a  study  of  his  investi^- 
tions  is  most  helpful  to  the  understanding  of  some  of  the  pecuhar 
phenomena  in  nozzle  flow. 

The  calculation  of  the  discharge  of  nozzles  which  have  a  restric- 
tion in  area,  i.  e.,  convergent-divergent  nozzles,  is  based  on  the  small- 
est cross  section. 

A  very  complete  investigation  of  the  properties  of  nozzles  for  air 
flow  has  lately  been  made  oy  Thomas  la.  Morley,  who  read  a  paper 
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before  the  Institutian  of  Medianical  Engineers,  published  in  Engi- 
neering January  28,  1916.  The  nozzles  had  tiiroat  diameters  be- 
tween 0.193  and  0.196  inch  and  were  made  with  different  tapers  and 
different  lengths,  all  converging-diverginff  and  all  with  more  or 
less  rounded  entrance.  Similarly  to  most  of  the  nozzle  and  orifice  in- 
vestigations, the  air  was  allowed  to  escape  into  the  atmosphere  from  a 
large  closed  reservoir  while  the  time  rate  of  change  of  pressure  and 
temperature  in  the  reservoir  was  being  observed*  Initial  pressures 
from  50  to  75  pounds  per  square  inch  abs.  were  used,  and  the  dis- 
charge coefficients  varied  between  0.95  and  0.98.  The  lower  values 
belonged  to  the  long  nozzles  and  for  those  with  overrapid  divergence. 
The  coefficients  were  constant  for  the  whole  pressure  range. 

From  all  the  experiments  which  have  been  quoted  in  this  section, 
it  follows  that  for  orifices  or  nozzles  with  well-rounded  entrance  the 
discharge  coefficients  are  very  nearly  unity. 

Sanford  A.  Moss  (see  also  his  article  on  Discharge  Coefficients  for 
Air  Flow,  American  Machinist,  vol.  28,  No.  3,  p.  14)  states  (Journal 
A.  S.  M.  E.,  September,  1916)  that  the  discharge  coefficient  of  a  well- 
made  Venturi  tube  for  air  is  within  1  per  cent  of  the  theoretical  flow. 

3.  Acttud  flow  of  gases  through  orifices  in  tJdn  plates  and  sharp- 
edged  orifices  diverging  in  the  direction  of  flow. — Such  orifices  have 
a  very  much  lower  discharge  coefficient  than  the  ones  just  mentioned, 
due,  of  course,  to  the  great  contraction. 

For  orifices  in  thin  plates  (sheets)  of  0.394  inch  up  to  0.843 
diameter,  Weisbach  (see  Grashof,  Hydraulik)  found  discharge  co- 
efficients varying  between  0.55  and  0.72.  The  pressure  ratios  ranged 
from  1.05  to  1.65.  The  discharge  coefficients  increase  very  appre- 
ciably with  increase  of  pressure  difference,  and  are  slightly  less  for 
lai^e  openings  than  for  smaller  onea 

^uner,  for  a  round,  sharp-edged  orifice,  reported  discharge 
coefficients  very  nearly  the  same  as  for  Weisbach's  at  a  pressure 
ratio  of  1.6^  but  after  that  the  coefficient  continued  to  increase  even 
after  the  critical  pressure  had  been  exceeded  and  at  a  pressure  ratio 
of  4.1  it  was  0.83,  beginning  with  0.65  at  1.5  pressure  ratio.  This 
peculiar  result  apparently  has  not  been  observed  by  anyone  else, 
according  to  Schiller,  and  must  be  accepted  with  caution. 

Morley  included  one  sharp-edged  orifice  in  his  nozzle  experiments. 
(See  aboveO  I'he  orifice,  0.196-inch  diameter,  was  made  in  a  thin 
flat  disk.  The  sides  were  beveled  off,  but  the  edge  was  not  made 
sharp,  a  very  thin  cylindrical  piece  being  left. 

With  the  beveled  side  on  the  side  of  the'  tank,  the  discharge  co- 
efficient increased  £rom  0.758  at  25  pounds  per  square  abs.  to  0.858 
at  60  pounds  per  square  abs.,  the  back  pressure  being  atmospheric. 
This  corresponds  to  pressure  ratios  of  about  1.7  and  8.4,  respectively, 
i.  e.,  near  and(  beyond  the  critical  ratio.  The  higher  value  agrees 
wit]|^  Zeuner's.  Moreley  also  reversed  the  disk  so  that  the  beveled 
side  of  the  orifice  was  on  the  outside,  and  naturally  obtained  lower 
values,  the  coefficients  for  the  same  pressure  range  increasing  from 
0.73  to  0.84. 

A.  O.  Miiller  (Forschungs-Arbeiten  No.  49)  investigated  the  flow 
for  sharp-edged  orifices  similar  to  those  last  mentioned,  but  for  very 
small  pressure  drops,  about  5  to  50  mm.  of  water  (0.2  to  2  inches). 
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His  determinations,  made  with  very  great  care^  give  for  these  con- 
ditions a  discharge  coefficient  of  0.597,  considerably  more  than 
Zeuner.    Details  could  not  be  obtained. 

Frequently  quoted  are  the  coefficients  which  were  obtained  by 
B.  J.  Durley.  ^Trans.  A,  S.  M.  E.,  vol.  27.)  The  orifices  were  bored 
in  plate  0.057  inch  thick.  The  results  are  ^ven  for  orifices  up  to 
6  inches  diameter  and  for  heads  up  to  6  inches  of  water.  The 
principal  conclusions  were  that  for  small  orifices  the  coefficient  in- 
creases as  the  head  increases,  but  at  a  lesser  rate  the  larger  the  orifices 
till  for  the  2-inch  orifice  it  is  ahnost  constant.  For  orifices  larger 
than  2  inches  it  decreases  as  the  head  increases,  and  at  a  greater  rate 
the  larger  the  orifice.  The  coefficient  as  the  diameter  of  the  orifice 
increases  and  at  a  greater  rate  the  higher  the  head.  The  discharge 
coefficients  varied  between  0.59  for  a  4J-inch  orifice  and  0.618  for 
a  five-sixteenths-inch  orifice,  at  a  head  of  6  inches  of  water.  At  2 
inches  pressure  difference  the  variation  is  even  less,  between  0.595 
and  0.607,  a  mean  of  0.601,  which  is  within  0.67  per  cent  of  Miiller's 
figure.  0.597. 

4.  Aehuil  flow  of  gases  over  poppet  valves. — ^In  1905  Charles  E. 
Lucke  pubHshed  aj)aper  on  the  pressure  drop  through  poppet  valves 
(Trans.  A.  S.  M.  rJ.,  vol.  27)^  which  is  of  interest  on  account  of  the 
use  of  poppet  valves  for  auxiliary  air  inlets.  Both  flat  and  conical 
valves  were  investigated  and  the  discharge  coefficients  are  given. 
Naturally  they  vanr  between  rather  wide  limits. 

5.  AcPual  flow  of  gases  through  short  tubes  with  sharp-edged  en- 
trance. — ^In  this  case  contraction  will  occur  inside  the  tube  near  the 
entrance.  If  the  tube  is  long  enough  the  jet  will  fill  the  whole  of 
the  tube  some  distance  from  the  contracted  part  and  leave  the  tube 
with  full  cross  section.  The  pressure  at  the  point  of  contraction 
actually  falls  to  a  value  less  than  the  final,  so  that  the  velocity  at 
tiiat  point  is  greater  than  the  one  corresponding  to  the  over-all 
pressure  drop.  The  weight  discharged  is  less  than  that  due  to  flow 
through  an  orifice  with  well-rounded  entrance,  but  considerably 
greater  than  in  the  case  of  plain  sharp-edged  orifices.  The  fact  is 
that  the  jet  actually  takes  the  shape  of  a  converging-diverging  nozzle 
(De  Laval  nozzle)  and  if  the  pressure  ratio  is  greater  than  the 
critical  pressure,  the  velocity  of  efflux  may  actually  be  greater  than 
that  due  to  the  drop  to  the  critical  pressure. 

According  to  Weisbach,  for  a  snort  cylindrical  tube  10  mm.  in 
diameter  with  sharp  edges  the  discharge  coefficient  for  air  varies 
from  0.75  at  1.05  pressure-ratio  to  0.82  at  1.28  ratia  Zeuner,  for  the 
same  kind  of  tube  and  1.72  pressure-ratio,  gives  0.85. 

6.  Actual  flow  of  gases  through  orifice  in  thin  plate^  hut  initial 
velocity  not  negligible. — ^This  case  is  of  special  interest  since  the 
construction  is  extensively  used  for  measuring  air  flow.  Ordinarily 
it  is  not  used  in  carburetors.  It  is  produced  oy  inserting  in  a  pipe 
a  disk  with  an  opening  smaller  than  the  pipe  area.  The  contraction 
is  not  as  great  as  in  uie  case  of  flow  from  a  large  vessel,  since  the 
particles  of  air  are  already  in  motion  and  have  to  be  deflected  only 
very  little,  if  the  reduction  in  area  is  small. 

A,  O.  Miiller  (see  above)  found  values  for  the  coefficient  of  dis- 
charge to  vary  from  0.641  to  1.084,  depending  on  the  ratio  of  cross 
section.    The  smaller  the  cross  section  the  greater  the  loss. 
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E.  O.  Hickstein,  in  a  paper  before  the  American  Society  of  Me- 
chanical 9ngineers  in  December,  1915,  communicated  the  results  of 
tests  made  by  him  along  the  same  line  as  MuUer's,  and  the  results  of 
the  two  investigations  dieck  fairly  well. 

7.  Actual  flow  of  gaaes — Lobb  of  head  m  pipes. — ^As  was  men- 
tioned at  the  beginning  of  this  chapter,  two  kinds  of  flow  may  be 
distinguished,  viscous  and  turbulent  flow.  In  the  former,  which  is 
only  possible  at  verv  low  velocities,  the  layer  of  fluid  near  to  the 
pipe  walls  sticks  to  the  latter  bv  adhesion  and  is  therefore  stationary. 
The  next  layer  must  be  pushed  over  the  first,  the  third  over  the  sec- 
ond, and  so  forth,  to  the  center  of  the  pipe  where  the  velocity  is  a 
maximum.  This  relative  motion  of  the  layers  is  resisted  by  what  is 
called  the  viscosity  of  the  fluid.  Thus  in  viscous  flow  the  resistance 
is  due  only  to  the  viscosity  of  the  fluid.  When  the  velocity  reaches 
a  certain  limit,  called  the  critical  velocity,  small  disturbances,  eddies, 
begin  to  form,  and  soon  the  whole  stream  will  be  in  a  state  or 
turbulence,  such  as  is  shown  by  the  smoke  issuing  or  **  rolling" 
from  a  stack.  Since  pure  viscous  flow  is  possible  only  at  the  very 
lowest  velocities,  and  since  it  is  out  of  the  question  to  devise  a 
theoretical  formula  for  turbulent  flow  of  gases,  all  expressions  for 
loss  of  head  in  pipes  are  empirical.  But  even  so  they  can  not  be  of  a 
simple  nature  if  they  are  to  be  generally  applicable.  Any  such 
formula  must  involve  at  least  the  rate  of  flow,  specific  volume  of  air, 
pressure  of  air,  diameter  of  pip^,  len^h  of  pipe,  and  the  head  re- 
quired to  maintain  the  flow.  Since  the  pressure  is  decreasing  the 
specific  volume  is  increasing,  which  again  means  acceleration.  The 
condition  of  the  pipe  surface  requires  a  separate  coefiicient 

The  roughness  of  the  surface,  more  or  less  pronounced  in  all  un- 
finished parts,  delays  the  motion  of  the  particles  of  air.  They  bound 
off  and  are  projected  laterally  into  the  air  current,  causing  more  dis- 
turbance and  requiring  to  be  accelerated  anew. 

Formulee  for  pipe  resistance  of  which  any  number  exist  and  which 
may  be  found  in  handbooks  and  textbooks,  are  usually  of  the  form 

i  pa^i —  where  d  pia  the  difference  of  pressure  at  the  two  ends  of 

a  long  pipe  of  lenjrth  1,  and  of  hydraulic  mean  depth  m  (m«=  diame- 
ters 4),  due  to  a  now  with  mean  velocitjr  u.  This  eguationj  as  Prof. 
Gibson  (Engineering,  Nov.  22,  1912)  points  out,  only  apphes  if  the 
coefficient /is  varied,  not  only  with  the  physical  condition  of  the 
interior  surface  of  the  pipe,  but  with  its  diameter,  with  the  mean 
velocity  of  flow,  with  the  mean  pressure,  and  with  the  temperature 
of  tiie  air.  Prof.  Gibson  therefore  devised  a  formula  in  wnich  the 
effect  of  these  variables  was  expressed,  and  arrived  at  a  formula  of 
the  following  form, 

in  which  K  and  a  are  numerical  constants ;  p  and  u  are  the  mean 
absolute  pressure  and  velocitv  in  the  pipe,  u  is  the  viscosity  and  T 
the  absolute  temperature  of  the  air;  G  is  obtained  from  the  equation 
p  v=:CT;  d  is  the'  pipe  diameter;  and  n  is  a  numerical  index  de- 
pending on  the  size  and  kind  of  pipe.  The  author  of  this  formula 
tested  it  on  a  number  of  pipes  for  which  the  flow  rate  had  been  deter- 
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mined  and  obtained  excellent  agreement.  For  all  cases  of  flow 
where  the  air  is  at  atmospheric  temperature,  the  drop  in  pressure  is 
given  with  a  high  degree  of  accuracy  by 


dp-o.oooo346Pe-,^^_; 


Here  d  and  I  are  in  feet,  and  p  in  pounds  per  square  inch  absolute. 
Tables  are  given  for  the  value  of  n  for  different  pipes  and  also  cor- 
rections for  temperatures  other  than  65^  F. 

Now,  considering  the  nature  of  the  carburetor  problem,  it  is  hardly 
likely  that  formula  like  the  above  will  ever  be  used  very  much  by  the 
designer,  but  there  is  need  for  establishing  experimentally  the  laws 
of  flow  resistance  for  such  sections  as  are  employed  in  t^e  modem 
carburetor  and  manif  old& 

Information  on  the  effect  of  bends  is  incomplete.  Kent  (Mechani- 
cal Engineer's  Pocket  Book,  8th  ed.,  p.  593)  gives  the  effect  of  elbows 
and  tees  in  terms  of  the  equivalent  length  of  straight  pipe  producing 
the  same  pressure  drop,  but  the  applicability  to  carburetors  and 
manifolds  is  doubtful  to  sav  the  least. 

That  empirical  f ormulse  for  the  flow  of  air  through  large  channels, 
such  as  ventilating  ducts  and  smokestacks,  on  which  a  great  deal 
of  reliable  information  has  been  collected,  will  be  of  no  use  in  carbu- 
retor work  is  self-evident. 

to  ACTUAL  FLOW  RATES  FOR  LIQUIDS— RESULTS  OF  EXPERI- 
MENTAL  INVESTIGATIONS— COEFFICIENTS  FOR  FORMULAE 
GIVEN  IN  PART  A  FOR  FLOW  OF  LIQUIDS. 

1.  General  considerations. — ^The  general  flow  laws  do  not  differ  in 
principle  for  liquids  and  gases,  so  that  practically  the  whole  of  the 
theoretical  part  of  the  discussion  in  part  B  apphes  equally  well  to 
liquids  and  need  not  be  repeated. 

Hydraulics  is  one  of  the  oldest  branches  of  science,  and  naturally 
there  is  a  vast  storehouse  of  information  on  everything,  it  would 
seem,  pertaining  to  the  flow  of  liquids.  Unfortunately,  however, 
practically  all  of  this  stored-up  information  is  useless  when  we  come 
to  carburetor  problems,  for  the  simple  reason  that  the  passages 
which  matter — those  that  affect  the  flow  rate— are  so  small  that  at  the 
velocities  used  they  have  to  be  classed  among  capillary  tubes  and 
passages.  The  other  passages  between  float  chamber  and  jet  are  sim- 
ply made  large  enough  and  can  easily  be  made  large  enough  so  that 
the  velocitv  in  them  is  negligible. 

The  problem  consists  in  controlling  the  fyel  flow  by  means  of  the 
air  flow  so  that  the  proportions  of  air  to  fuel  by  weight  is  maintaine^l 
constant  or  varied  according  to  some  predetermined  rule. 

The  fundamental  laws  for  the  flow  of  liquids  are  exactly  the  same 
as  those  for  gases,  and  there  is  no  foundation  for  the  general  state* 
ment  often  made  that  in  a  carburetor  with  fixed  nozzle  and  fiixed  air 
inlet  the  mixture  becomes  richer,  as  the  flow  increases,  because  they 
"  do  not  follow  the  same  law.''  The  broad  flow  laws  are  the  same 
for  both  media,  but  they  do  not  work  under  the  same  conditions  on 
account  of  the  small  dimensions  of  the  fuel  control  passages,  or 
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otherwise,  the  special  forms  of  the  flow  laws  for  the  particular  air 
and  fuel  passages  may  be  different,  and  usually  are. 

Partly  the  difficulty  is  of  course  due  to  the  circumstance  that  the 
level  01  the  fuel  in  the  float  chamber  necessarily  is  lower  than  the 
mouth  of  the  spray  nozzle,  since  the  fuel  must  not  overflow  when 
the  engine  is  not  running  or  when  the  engine  is  tilted.  This  results 
in  a  certain  lag  in  the  rael  flow,  i.  e.,  the  air  must  have  a  certain 
velocity  before  the  fuel  will  begin  to  flow  at  all.  This  condition  is 
represented  by  the  equation 

where  fi=velocity  of  fuel,  A=suction  head  due  to  the  air  flow,  and 
A= difference  in  level  between  float  chamber  and  mouth  of  spray 
nozzle.  That  this  only  partly  accounts  for  the  discrepancy  can  easily 
be  proven  and  has  been  proven  by  raising  the  level  in  the  float 
chamber  until  it  is  flush  with  the  mouth  of  the  nozzle.  Even  then  the 
fuel  increases  more  rapidly  in  proportion  to  the  air. 

2.  Flow  of  lipids  through  smaU  orifces. — ^The  first  investigator 
who  attacked  this  problem  in  a  thoroughgoing  manner  was  Prof.  K. 
Hummel,  Aachen,  Germany,  who  conducted  a  series  of  tests  covering 
a  period  of  tln^e  years,  and  published  the  results  in  Der  Motorwaeen 
in  1906.  (See  translation  in  Horseless  Age,  Apr.  14^  1916.)  The 
laws  of  liquid  flow  were  known  for  two  special  conditions,  viz,  flow 
through  a  relatively  longcapillary  tube,^  and  through  orifices  in  the 
walls  of  large  vessels.  The  carburetor  nozzle  represjBnts  an  inter- 
mediate case.  Prof.  Bummel  developed  a  mathematical  theory  of 
the  flow  and  substantiated  his  deductions  by  quantitative  tests.  Water 
was  used  for  the  sake  of  safety  and  accuracy,  and  was  perfectly  sat- 
isfactory since  only  qualitative  results  were  looked  after. 

Rummel  refers  to  the  work  of  Krebs,  the  inventor  of  the  SOTinff- 
loaded  auxiliary  air  valve.  (Revue  Industrielle,  1903,  No.  1.)  Krebs 
used  for  the  fuel  flow  the  formula, 

w-V2^(A-A0, 

and  Bummel  points  out  that  this  h/  has  to  correct — 

ia)  The  difference  in  level,  as  mentioned  before ;  and 
o)  Capillary  frictional  resistances  in  the  nozzle  which,  there- 
fore, in  contrast  to  the  general  views  on  the  subject,,  are  assumed  to 
be  independent  of  the  velocity. 

Krebs  then  finds  it  necessary  to  introduce  another  correction  fac- 
tor to  allow  for  the  pulsating  flow  of  the  engine  at  higher  speeds. 

Still  Rummel  objects,  and  correctly  so,  to  the  implied  assumption 
that  capillary  flow  is  independent  of  speed. 

Poiseuille  first  established  the  law  of  capillary  flow  (Annales  de 
Chimie  et  de  Physique,  1843,  series  8,  vol.  7),  with  the  equation 

32Z 
p-fz=zu  -^  where  /r]f=frictional  resistance,  w= velocity,  Z=length  of 

tube,  rf=diameter,  and  iQ=coefficient  of  viscosity. 

Reynolds  (Phil.  Trans.,  London,  1883,  A  174,  p.  935)  was  the  first 
to  determine  the  critical  velocity  where  turbulent  flow  begins  and 

^See  Tallies  giTen  by   Sorel. 
72805*— S.  Doc.  659, 64^2 80 
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which  was  explained  before.  Above  the  critical  velocity,  Beynolds 
found  the  friction  to  vary  as  the  1.7  power  of  the  velocity,  but  the 
values  of  t^  in  carburetors  lie  uniformly  below  Beynold's  critical 
velocity,  therefore  Poiseuville's  law  is  valid.  Unfortunately,  even 
this  law  is  not  absolutely  correct  for  short  tubes  like  carburetor  noz- 
zles, and  a  correction  is  necessary. 

Taking  all  these  factors  into  consideration,  Bummel  deduces  a 
theoretical  equation  which  shows  that  a  variation  of  the  mixture 
proportions  must  actually  occur  unless  additional  air  is  admitted. 
The  form  of  this  equation  is. 

The  experiments  subsequently  made  on  nozzles  of  various  Unds 
substantiated  the  correctness  of  the  form  of  the  equation.  Prof. 
Bummel  draws  some  very  interesting  deductions  from  the  values 
obtained  by  him,  but  no  useful  purpose  would  be  served  in  quot- 
ing these  in  this  place.  Assuming  the  form  of  his  expression  for  the 
flow  rate  to  be  correct,  nothing  would  be  left  but  to  find  by  experi- 
ment the  proper  coefficients  for  nozzles  of  different  kinds,  and  the 
scientific  basis  for  carburetor  design  as  far  as  proportioning  is  con- 
cerned would  be  established.  Now  Rummel's  investigations  were 
publii^ed  in  1906  and  since  then,  especially  in  the  last  four  or  five 
years,  very  important  work  in  this  neld  or  research  has  been  done, 
and  even  if  the  general  form  of  his  equation  is  found  to  be  not  gen- 
erally applicable,  to  Rummel  belongs  the  great  distinction  of  having 
once  for  all  shown  that  no  headway  can  oq  made  in  discovering  the 
"  mystery  "  of  carburetor  nozzle  flow  as  long  as  investigators  do  not 

get  away  from  the  •^2gli  law  which  simply  does  not  apply.  In  spite 
of  Rummel's  work,  however,  and  all  that  has  followed,  the  im- 
possible attempt  is  still  persisted  in,  as  the  carburetor  literature 
plainly  shows. 

The  results  which  have  been  accomplished  in  the  last  few  years 
are  very  well  summarized  by  Dr.  Charles  H.  Lees  in  the  introduc- 
tion of  an  article  on  "Laws  of  skin  friction"  (Engineering^  Jime 
2,  1916),  which  deals,  not  with  carburetors,  but  with  the  resistance 
experienced  by  ships.  This  only  illustrates  the  significance  of  the 
fact  that  the  study  of  viscosity  has  helped  to  throw  light  on  many 

{)roblem3  which  hitherto  have  resisted  all  attempts  at  rational  so- 
ution. 
Dr.  Lees's  summary  is  herewith  given  verbatim : 
On  the  frictional  resistance  to  ttxe  flow  of  fluids  through  pipes. 
When  a  fluid  of  density  p  flows  through  a  length  Z  of  a  smooth 
pipe  of  diameter  d  with  a  mean  speed  over  the  section  of  the  tube 
of  v,  not  sufficiently  large  to  cause  the  motion  of  the  fluid  to  deviate 
from  stream-line  motion,  the  frictional  resistance  /^  to  its  motion 
is  given  according  to  Stokes  by : 

where  t)  is  the  viscosity  of  the  fluid.  When  the  speed  of  the  fluid  is 
increased  above  a  certain  value,  called  hj  Reynolds  the  **  critical 
velocity  "  for  that  fluid  and  pipe,  the  frictional  resistance  increases 
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propose  to  call  the  motion  under  the  first  law  ^  stream-line  motion, 
and  when  deviation  from  this  law  commences  to  call  the  motion 
**  eddying  or  turbulent  motion.** 

The  experimental  results  obtained  by  Stanton  and  Pannell  at  the 
National  Thysical  Laboratory  in  the  turbulent  flow  of  water  and 
other  fluids  through  smooth  brass  pipes  of  diameters  0.3  to  12  cm. 
at  speeds  from  5  to  5,000  cm.  per  second,  and  those  obtained  by  Saph 
and  Schoder  at  Cornell  University  on  water  in  pipes  from  0.8  to  5 
cm.  diameter,  have  been  shown  recently  to  lead  to  the  following 
simple  formula  for  the  total  frictional  resistance  F  of  a  smooth  pipe 
of  length  Ij  diameter  dy  through  which  a  fluid  of  kinematical  vis- 
ooscity  Y  is  flowing  with  mean  speed  v: 

where  A  is  the  area  of  the  surface  of  the  length  of  pipe,  a=0.0009, 
6=0.0766.  n=0.85,  whatever  be  the  fluid  or  the  system  of  units  used. 
From  tne  form  of  this  expression  it  will  be  seen  that  for  all  mean 
velocities  above  the  critical,  for  which 

-~J^- 3000  about 

the  resistance  over  small  ranges  of  velocity  will  vary  approximately 
as  a  power  of  the  velocity  between  1.65  and  2.0  and  that,  as  the 
diameter  of  the  pipe  increases,  or  the  speed  increases,  or  the  kine- 
maitical  viscoscity  decreases,  tne  resistance  will  vary  more  nearly 
as  the  square  of  the  velocity. 

The  single  power  of  the  velocity  which  gives  the  beet  approximation 

in  the  neighborhood,  of  a  particular  value  of  —  is: 


■-(f)' 


The  references  quoted  by  Dr.  Lees  are  the  following:  Stanton  and 
Pannell  (Phil.  Trans.  Royal  Society,  A,  vol.  114,  p.  199,  1914); 
Saph  and  Schoder  (American  Society  of  Civil  Engineers'  Proceed- 
ings, vol.  51,  p.  253,  1908) :  Lees  (Roy.  Soc.  Proc.,  A,  vol.  91,  p.  49, 
1914).  Recently  Lander  has  shown  that  with  a=0.002,  6=0.141, 
7».=0.44,  the  formula  covers  his  measurements  on  the  flow  of  water 
and  steam  through  small  rough,  wrought-iron  pipes.  (Roy.  Soc. 
Proc.,  A,  vol.  92,  1916.) 

It  would  seem  advisable  to  follow  Dr.  Lees's  practice,  and  name 
all  floi«c  below  Reynold's  "critical  velocity''  simply  "stream  line 
mention"  and  above  this  velocity  "turbulent  flow."  There  is  also 
tiie  danger  that  the  designation  "capillary  tube"  and  "capillary 
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flow,'^  which  are  so  glibly  used  in  the  carburetor  literature,  are  piis- 
understood.  Since  not  small  dimensions,  but  dimensions  csnd  velocity 
together  with  the  viscosity  of  the  fluid  determine  whether  the  for- 
mulae for  stream  line  flow  or  those  for  turbulent  flow  should  be  ap- 
plied, the  title  ^^  capillary  tube  "  seems  to  have  no  significance  what- 
ever, as  far  as  flow  is  concerned. 

The  form  of  equation  given  by  Lees  differs  from  Bummel's  formula 
inasmuch  as  the  second  term  does  not  contain  the  first  power  of  the 
velocity,  but  the  1.65  power.  It  must,  however,  be  noted  that  Sum- 
mel  used  tubes  of  0.0376  cm.  up  to  0.0720  cm.  diameter  and  various 
lengths  while  Stanton  and  Pannell  employed  smooth  brass  pipes  of 
diameters  0.8  to  12  cm.  and  Saph  and  Schoder  pipes  of  0.8  to  5  cm. 
diameter. 

That  the  laws  of  stream  line  flow,  as  formulated  by  Stanton  and 
Pannell,  hold  for  lar^r  pipes,  was  established  by  the  most  interesting 
and  instructive  investigation  of  "  Viscosity  of  oil  in  relation  to  its  rate 
of  flow  through  pipes,  by  Dr.  B.  T.  Glazebrook  and  Messrs.  W.  F. 
Higgins  and  J.  K.  JPannell,  who  presented  the  results  before  the  In- 
stitution of  Petroleum  Technolo^sts  in  November,  1915.  (See  Engi- 
neering, Nov.  19,  1915.)  The  object  of  the  research  was  to  investi- 
Sate  the  laws  of  flow  of  the  oil  in  drawn-steel  pipes  of  3  to  5  inches 
iameter  with  a  view  to  determining  how  far  the  pressure  difference 
required  to  produce  a  given  flow  could  be  calculated  from  a  knowl- 
edge of  the  pipe  dimensions  and  the  viscosity  of  the  oil.  As  had  been 
expected  it  was  found  that  the  ordinary  loss  of  viscous  flow  (stream 
line  flow)  occurred  as  long  as  the  velocity  of  flow  was  less  than  the 
critical  velocity.    The  latter  is  given  by  Dr.  Glazebrook  as 

pFrf/ti=2,600,  where 

F=  velocity  of  flow  in  feet  per  second, 
^=  diameter  of  the  pipe  in  teet 
p=deiisity  of  the  oil 
1Q=  viscosity  coefficient  of  the  oil, 

expressed  in  foot-pounds-second  units  (not  in  dynes  per  square  cen- 
timeter^ as  is  usually  done).  Interesting  in  this  paper  are  also  the 
determination  of  the  physical  constants  of  the  oils  and  peculiar  char- 
acteristics of  some  of  the  oils. 

Now  that  the  way  has  been  shown,  the  procedure  should  be  to 
analyze  the  various  determinations  oi  flow  rates  which  have  been 

Eublished,  in  the  light  of  what  is  now  known  about  viscous  or  stream- 
ne  flow,  to  make  new  determinations  for  all  kinds  of  nozzles  and 
channels,  to  fix  the  value  of  the  viscosity  coefficient  for  all  fluids  in 
use,  and  to  standardize  the  method  of  determining  and  expressing 
the  viscosity  coefficient. 

Such  work,  for  instance,  as  Mr.  Eobert  W.  A.  Brewer  has  done, 
and  an  account  of  which  may  be  found  in  Carburetion,  by  R.  W.  A. 
Brewer,  D.  Appleton  &  Co.,  and  in  a  number  of  periodical  artidesi 
is  extremely  valuable  no  doubt,  but  as  long  as  the  many  experiments 
which  Mr.  Brewer  has  made  are  only  used  to  furnish  coefficients  for 
a  formula  of  the  form  Q=C.  A.^2gh^  not  much  is  gained.  Brewer 
himself  says  that  this  coefficient  of  discharge  applies  onlv  to  a  portion 
of  the  curve  plotted  with  fuel  discharge  as  ordmates  and  air  velocities 
as  abscissae. 
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Brewer  shows  by  actual  test  results  that  in  the  case  of  the  round- 
hole  orifice  the  fuel  flow  tends  to  increase  too  rapidly,  while  for  an 
annular  orifice  such  as  is  produced  by  a  metering  pin,  the  fuel  flow 
lags  behind.  He  tried,  therefore,  to  devise  an  orinGe  which  would 
bidanoe  the  two  against  each  other  by  combining  the  two  actions  in 
one  orifice  and  one  metering  pin,  the  latter  being  of  a  special  shape. 
Brewer's  methods  ^  for  designmff  '^  a  carburetor  are,  after  all,  nothing 
but  cut-and-try  methods,  and  mat  is  exactly  what  should  not  have 
to  be  done. 

It  was  hoped  that  it  would  be  possible  to  analyze  some  of  the  last- 
named  investigations,  as  well  as  others  published,  but  unfortunately 
time  did  not  permit 
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PART  VI. 


NEW  EXPERIMENTAL  DETERMINATIONS  OF  THE  PRO- 
PORTIONING ACCURACY  OP  A  SELECTED  NUMBER  OP 
TYPICAL  AMERICAN  COMMERCIAL  CARBURETORS  UN- 
DER YARDlTIONS  OP  FLOW  CONDITIONS. 

By  CUABLES  E.  LUCKE. 


(A)  NEW  TEST  RESULTS  ON  CARBURETOR  PROPORTIONALITY. 

The  primary  purpose  of  these  tests  was  to  determine  the  ratio  of 
air  to  gasoline  maintained  by  fairly  representative  modem  car- 
buretors under  all  conditions  likely  to  arise  in  practical  use  and  thus 
to  determine  their  flow  characteristics  and  accuracy  of  compensation 
at  all  flow  rates.  Since  it  was  neither  feasible  nor  necessary  for  this 
purpose  to  test  all  existing  carburetors,  a  set  of  10  representative 
type  forms  was  selected,  and  it  must  be  distinctly  understood  that 
tne  carburetors  which  were  tested  were  not  chosen  oecause  they  were 
regarded  as  the  best  carburetors  in  the  market,  but  merely  because 
each  one  is  well  known,  more  or  less  widely  used,  and  represents  a 
distinct  type  of  construction.  The  results  obtained  must  be  judged 
as  typical  of  the  class  and  not  of  the  individual  make  only.  Every 
known  method  for  testing  carburetors  has  been  considered  or  actually 
tried  out  in  the  laboratory  of  the  mechanical  engineering  depart- 
ment of  Columbia  University,  but  for  one  reason  or  another  none  has 
been  found  satisfactory  but  the  method  which  suggests  itself  first, 
namely,  to  attach  the  carburetor  to  an  engine.  Running  the  engine, 
however,  and  absorbing  the  power  by  some  form  of  dynamometer 
makes  it  extremely  difficult,  if  not  impossible,  to  maintain  constant 
conditions  for  each  run  and  to  have  these  conditions  the  same  for 
each  type  of  carburetor.    Since  proportionality  only  was  to  be  investi- 

J^ated  and  the  problem,  therefore,  consisted  in  measuring  the  gaso- 
ine  and  the  air  under  various  flow  conditions,  the  engine  with  open 
ignition  circuit  was  driven  by  an  electric  dynamometer  motor  so 
that  the  speed  could  be  maintained  at  any  desired  value  with  very 
great  accuracy.  In  other  words,  the  engine  was  used  as  a  pump  or 
exhauster  only,  but  with  the  advantage  over  a  blower  or  ejector  type 
of  exhauster  that  the  conditions  in  the  carburetor  were  exactly  the 
same  as  thejjr  would  be  with  the  engine  running  on  its  own  power, 
and  any  accidental  backfiring  could  take  place  without  dan^. 

The  engine  used  for  the  tests  was  an  eight-cylinder  Curtiss  model 
OX  aeroplane  engine,  and  the  dvnamometer,  driving  the  engine,  a 
150  horsepower  Sprague  electric  dynamometer,  with  switchboard  and 
resistances  as  regularly  supplied.    The  engine  mounting  and  its  con- 

471 


Digitized  by 


Google 


472 


AEBONAUTICS. 


Q&^9ff0tm^^    \^^^^  ^#^^#l*ll 


for 


flnhrnKml  Btt^ite^mj  Lmh»^0lt9tjft 


1 


^ 


%fmm^  im4. 


Fio.l. 


Digitized  by 


Google 


8.DOO.U6!,   64-a. 


Digitized  by 


Google 


8.Doe.aO,M-2. 


o 


Digitized  by 


Google 


&  Doo.  560,  64-2. 


Digitized  by 


Google 


Digitized  by 


Google 


AEEONAunos.  478 

nections,  as  arranged  for  the  tests,  are  illustrated  in  the  diagram, 
figare  1,  and  in  the  three  photographs,  figures  2,  3,  and  4. 

The  mixture  discharged  irom  the  engine  was  burned  in  a  crudely 
constructed  surface  combustion  furnace,  the  mixture  pressure  in  the 
exhaust  line  being  regulated  to  the  required  value  by  means  of  burner 
valves  of  different  sizes,  so  as  to  maintain  sufficient  mixture  speed 
in  the  nozzles  to  prevent  back  flashing.  This  was  considered  the 
safest  method  under  the  circum^ances  and  proved  quite  convenient 
and  satisfactory  in  use.  At  the  same  time,  by  observing  the  nature 
of  the  flame,  a  great  deal  of  time  was  saved  in  the  adjustment  of  the 
carburetor,  oecause  with  a  little  experience  the  mixture  quality  can 
be  judged  approximately  by  the  flame  size  and  color. 

The  carburetor  to  be  tested  was  placed  wholly  within  a  specially 
constructed  tight  wooden  box,  84  by  12  by  21  inches,  serving  as  an  air 
reservoir,  in  which  the  pressure  could  be  maintained  at  any  desired 
value,  and  was  kept  at  one  atmosphere  while  air  was  supplied  by  a 
blower  through  meters.  The  inside  of  the  box  was  illuminated  by  an 
incandescent  lamp,  and  through  a  window  the  carburetor  and  the 
fuel  level  gauge  glass  on  the  float -chamber  could  be  plainly  seen.  A 
handhole  and  cover  were  provided  for  changing  carburetors  and  for 
adjustments.  The  throttle  could  be  operated  and  fixed  in  position 
without  opening  the  box  by  means  of  lever  rods,  and  a  spindle  passing 
through  a  stuffing  box  with  an  indicator  and  dial  on  the  outside  of  the 
box.  Every  effort  was  made  to  have  the  box  absolutely  air-tight, 
but,  in  any  case,  since  during  the  present  tests  the  pressure  inside  the 
box  was  maintained  at  atmospheric  pressure  within  one-tenth  of  1 
inch  of  water  the  absence  of  any  appreciable  leakage  was  absolutely 
assured. 

The  gasoline  was  supplied  from  a  can  standing  on  platform  scales* 
the  latter  reading  to  one-thousandth  of  a  pound,  and  by  means  oi 
flexible  tubing  conducted  to  the  carburetor  mside  the  box.  The  time 
required  to  consume  a  given  weight  of  fuel  was  read  on  a  stop  watch. 

The  air  passed  through  a  Root  blower,  driven  by  an  electric  motor, 
to  one  of  four  Venturi  tubes,  4  by  1  inch,  3  by  f  inch,  2  by  ^  inch,  and  1 
by  i  inch,  respectively,  which  were  fixed  between  two  headers,  valves 
at  the  upstream  ends  shutting  off  all  tubes  except  the  one  suitable 
for  the  particular  condition  of  each  run.  By  manipulating  a  slide 
on  the  intake  of  the  blower  and  a  by-pass  valve  on  the  discharge  side 
the  pressure  in  the  box  was  easily  maintained  at  the  desired  value. 
The  upstream  pressure  as  well  as  the  drop  between  upstream  and 
throat  were  read  on  water  manometers  about  4  feet  high,  which  are 
plainly  visible  in  the  illustrations. 

The  Venturi  tubes  were  constructed  for  the  purpose  by  the  Good 
Inventions  Co.,  of  Brooklyn,  N.  Y.,  and  every  possible  precaution 
taken  to  have  them  perfect.  After  the  readings  for  gasoline  weight 
and  air  flow  were  taken,  the  quantities  of  air  and  niel  per  minute 
were  calculated  immediately.  To  simplify  the  calculations  for  the 
(quantity  of  air  from  the  Venturi  tube  manometer  readings  a  straight 
line  diagram  (fig.  5)  was  prepared,  which  enabled  the  result 
to  be  read  off  directly.    The  formula  on  which  the  diagram  is  based  is 

fiven  on  the  same  sheet,  and  the  use  of  the  diagram  is  indicated 
y  the  dotted  lines. 

The  tests  fulfilled  in  every  way  and  even  surpassed  the  expecta- 
tions with  respect  to  the  use  of  Venturi  tubes  as  meters  for  air  meas- 
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mement.  No  more  convenient  method  could  be  desired  as  long  as 
sudden  fluctuation  need  not  be  dealt  with,  and  the  results  confirm 
the  claim  that  in  a  properly  desired  and  carefully  constructed  Yen- 
turi  tube  the  total  pressure  drop  is  in  practically  all  cases  negli^ble. 
The  readings  show  (see  column  marked  "Pressure  at  inlet  to  Ven- 
turis'' which  pves  the  total  pressure  drop,  the  downstream  pressure 
being  atmospneric)  that  the  loss  in  pressure  varies  between  one- 
fourth  and  one-sixth,  the  drop  from  upstream  to  throat.  There- 
fore, 75  to  85  per  cent  of  the  pressure  dron  at  the  throat  is  regained 
in  the  diverging  part  of  the  tube  at  the  end.  Even  with  an  ordinarv 
manometer  pressure  may  easily  be  read  within  one-tenth  of  an  incn 
of  water,  so  that  the  over-all  pressure  drop  need  not  be  more  than, 
say,  2  inches  of  water  for  sufficient  accuracy,  generally  a  negligible 
drop.  If  a  differential  manometer  be  used,  even  a  lower  value  for 
the  minimum  drop  will  be  satisfactory.  Time  for  a  strict  calibra- 
tion of  the  Venturi  tubes  was  not  available  in  the  Bhort  period  al- 
lowed for  the  work,  but  since  all  authorities  agree  that  the  velocity 
coefficient  is  veTY  nearly  unit^  (in  no  case  less  than  0.99  for  a  prop* 
erly  constructed  tube)  and  is  constant,  calibration  was  considered 
unnecessary  for  the  purpose  of  these  tests.  That  the  tubes  are  prop- 
erly constructed  is  proven  by  the  very  small  over-allpressure  drop. 
(See  remarks  by  Sanford  A.  Moss,  Jour.  A.  M.  I.  £.,  Sept.,  1916, 
p.  720.) 

The  use  of  Yenturi  tubes  for  the  measurement  of  the  air  supplied 
to  the  carburetor  of  course  precluded  tests  intended  to  bring  out 
the  behavior  of  the  carburetor  when  the  flow  suddenly  increases  or 
decreases.  No  method  for  measuring  air  would  seem  to  be  appU- 
cable  under  these  conditions,  and  the  quality  of  the  mixture  must 
be  judged  by  the  behavior  oi  the  engine  running  on  its  own  power. 
Bame  plates  in  the  box  served  to  break  up  the  velocity  of  the  air. 
The  carburetor  was  connected  to  the  inlet  manifolds  Dy  a  flexible 
metallic  hose. 

For  each  run  the  speed  of  the  dynamometer  and  engine  was  regu- 
lated, then  the  pressure  in  the  box  was  brought  to  atmospheric,  and 
the  following  readings  were  taken : 

il^  Upstream  pressure  of  Venturi. 
2 )  Drop  between  upstream  and  throat  of  Venturi. 
f3)  Pressure  in  carburetor  box  (atmospheric). 
(4)  Pressure  at  outlet  of  carburetor  or  mixture  pressure  in  mani- 
fold intake  by  mercury  manometer. 
(6)  Temperature  in  carburetor  box. 

Temperature  of  mixture  at  outlet  of  carburetor. 
Engme  speed  (not  necessarily  very  accurate  as  long  as  speed 
kept  constant). 
Weight  of  gasoline,  and  time  consumed. 
Scale  on  gauge  glass  of  float  chamber,  which  was  specially  at- 
tached to  each  carburetor  so  as  to  make  possible  a  measurement  of 
the  level  of  the  gasoline  and  to  observe  its  fluctuations. 

(10)  Pressure  in  exhaust  pipe  of  engine,  taken  only  for  the  pur- 
pose of  regulating  back  pressure. 


S.)  Barometer  reading. 


dese  readings  for  the  several  runs  are  recorded  in  Che  log  sheets, 
Tables  II,  III,  IV,  V,  VI,  VII,  and  VIII. 
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Tablb  ll-'Ylll.--Log  of  earhuretor  teits,  Cdunibia  Univetntg^  June  to  Augtui^  1916, 

CABBUBETOB  NO.  1. 
[JmiA  37, 1016;  aysrage  baranetflr,  20.84  indMs;  gasoline,  8.  O.,  0.737S.) 
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CARBURETOR  NO.  2. 
[June  28, 1016;  average  barometer,  29.78  Inches.] 
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CARBURETOR  NO.  8. 
[June  30, 1016;  average  barometer,  20.03  Inches;  gasoline,  S.  O.,  0.7275.] 
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Tabls  II-VIII.— £0^0/ oarduretortetto,  Columbia  UnwenUy,  JwfU  to  Augtut,  1916-^ 

Continued. 


CARBURETOR  NO.  ^--Coiittnued. 
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CARBURETOR  No.  4. 
[July  1, 1916;  average  barometer,  29.86  inches;  gasoline,  8.  O.,  0.7275.) 
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1.75 

1.08 

«5 

14.9 

14.8 

39.7 

&3 

X13 

.139 

15.3 

11.3 

0 

88 

58 

1,300 

1.70 

X30 

86 

15.5 

15.3 

3a8 

6.4 

X13 

.138 

16.4 

1X1 

0 

88 

58 

1,000 

1.66 

X37 

87 

15.4 

16.3 

3a7 

6.3 

X13 

.136 

16. 7 

1X0 

0 

89 

59 

800 

1.70 

X37 

88 

15.3 

15.5 

3a7 

6.3 

X13 

.137 

15.6 

1X0 

0 

80 

69 

600 

1.70 

X37 

80 

13.6 

13.8 

37.4 

5.5 

X08 

.133 

15.3 

X8 

0 

90 

60 

430 

1.70 

X16 

90 

ia8 

11.4 

3X3 

5.0 

L84 

.133 

13.8 

7.0 

0 

90 

63 

330 

1.70 

1.9f 

01 

9.7 

X5 

1X3 

4.4 

1.73 

.102 

16.9 

X3 

0 

83 

67 

306 

L75 

1.88 

«3 

. 

13.0 

5.3 

1X3 

3.8 

3.81 

.227 

16.8 

X9 

0 

80 

61 

1,300 

1.65 

4.04 

68 

18.3 

6.4 

1X7 

X6 

3.90 

.230 

16.9 

X4 

0 

90 

63 

1,000 

1.65 

4.13 

64 

13.3 

6.9 

19.7 

3.5 

3.97 

.234 

16.3 

X9 

0 

90 

60 

800 

1.65 

4.30 

65 

1X5 

4.6 

17.1 

3.4 

3.71 

.222 

16.7 

7.9 

0 

90 

01 

000 

1.65 

4.03 

66 

lao 

XI 

1X1 

X6 

3.13 

.188 

16.7 

4.5 

0 

91 

62 

430 

1.65 

X33 

67 

&3 

a3 

a4 

1.9 

X64 

.166 

1X0 

X3 

0 

91 

64 

330 

1.66 

X81 

68 

28u7 

3ao 

46.7 

&6 

&75 

.343 

1X8 

X3 

0 

91 

62 

1,300 

1.60 

XOO 

69 

36.4 

19.6 

46u0 

9.0 

6.70 

.357 

1X0 

X3 

0 

93 

62 

1,000 

L50 

XOO 

100 

26.3 

1&5 

43.8 

XO 

6.60 

.347 

1X3 

X7 

0 

93 

64 

800 

1.50 

5.95 

101 

20.0 

1X7 

3X7 

6.4 

4.90 

.290 

16.8 

4.0 

0 

93 

66 

600 

1.60 

&19 

102 

1X3 

4.4 

16.6 

3.4 

3.64 

.226 

1X1 

1.9 

0 

94 

66 

420 

1.60 

X87 

103 

3X5 

3L3 

•43.7 

&4 

X49 

.171 

14.6 

1.0 

0 

93 

66 

380 

L6C 

XOO 
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Tablb  II-VIII. 


'Log  ofearhwttor  tests,  Colutnlna  University,  June  to  August,  1916-^ 
Continued. 


CABBtTRETOR  NO.  10. 
[July  5^  1910;  average  barometer,  29.82  inches;  gasoline,  8.  O.,  a7275.1 


Venturl  meter. 


Mo5 


jlfct 


-I 

58 


Tempera- 
ture, •F. 


-I 


n 


104 
105 
100 
107 
108 
109 
110 
111 
112 
113 
114 
116 
110 
117 
118 


5.7 
9.8 

ia5 
ia7 

15.8 

ia7 

7.5 
17.0 

3.3 
24.0 

3.2 

flwO 

8.2 
9.2 
9.2 


&0 
12.8 
13.6 
13.7 
16.7 

las 

7.4 
14.6 
2.9 
2&7 
2.8 
6.7 
7.1 
7.9 
&0 


13.7 
22.0 
24.0 
24.4 
31.5 
21.0 
14.9 
31.0 

0.2 
40.7 

0.0 
12.3 
16.3 
17.1 
17.2 


2.3 
3.6 
3.9 
3.9 
6.8 
4.2 
3.0 
6.8 
1.8 
14.6 
1.6 
3.1 
3.6 
3.9 
3.9 


5.90 
7.40 
7.03 
7.64 
4.86 
4.07 
1.68 
2.16 
1.01 
.546 
.985 
1.40 
1.56 
1.04 
1.64 


0.872 
.405 
.480 
.490 
.200 
.210 
.080 
.180 
.068 
.042 
.060 
.077 
.100 
.090 
.095 


15.3 
16.9 
15.9 
16.0 
18.2 
19.4 
19.1 
10.5 
17.4 
13.0 
17.8 
18.3 
16.6 
18.2 
17.3 


1.4 
2.2 
2.6 
2.6 
.96 
.70 
.20 
.36 
12.8 
0.3 
15.2 
7.4 
11.0 
13.5 
13.0 


000 
800 
1,000 
1,200 
000 
400 
146 
220 
270 
125 
420 
240 
300 
500 
000 


2L00 
1.96 
1.95 
1.96 
1.96 
2.00 
2.06 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.15 
2.16 


&27 
7.87 
Ml 
&13 
&12 
4.28 
1.61 
2.28 
1.07 
.50 
1.05 
L48 
1.66 
1.73 
1.74 


[July  0,1910 

average  barometer,  29.99  inches.] 

119;    \ 

13.3 

11.4 

24.7 

6.3 

1.94 

0.110 

17.0      2.9 

0 

82 

58 

220 

2.W 

2.05 

120      \ 

20.0 

22.1 

4&1 

9.0 

2.59 

.172 

15.1 

0.0 

0 

82 

60 

400 

2.10 

2.70 

121      1 

0.0 

6.2 

11.2 

2.0 

3.10 

.195 

16.2 

8.9 

0 

82 

55 

600 

2L10 

3.30 

122 

. 

7.0 

0.2 

13.2 

2.8 

3.26 

.216 

16.1 

ia2 

0 

81 

64 

000 

2.10 

3.47 

123 

7.3 

0.6 

13.8 

2.8 

3.36 

.215 

16.0 

11.1 

0 

82 

64 

700 

2.06 

3.67 

124 

, 

7.6 

0.7 

14.2 

2.9 

3.39 

.220 

15.4 

11.7 

0 

82 

53 

800 

2L06 

3.61 

125 

7.3 

6.6 

13.8 

2.8 

3.33 

.216 

16.0 

las 

0 

84 

65 

1,000 

4 

2.05 

3.57 

120 

16.3 

14.9 

3a  8 

6.0 

4.80 

.319 

16.1 

4.8 

0 

85 

57 

600 

5 

2.00 

5.13 

127 

11.8 

11.1 

22.9 

4.0 

4.26 

.280 

15.2 

3.7 

0 

86 

68 

710 

2.00 

4.68 

1281    1 

7.1 

0.4 

13.5 

8.2 

3.30 

.200 

10.6 

1.9 

0 

85 

69 

360 

2.00 

3.50 

129 

1 

19.6 

19.6 

39.0 

7.0 

5.33 

.375 

14.2 

0.8 

0 

85 

60 

820 

2.00 

&71 

130 

1 

4.9 

6.9 

11.8 

2.0 

5.50 

.370 

14.9 

0.8 

0 

84 

60 

900 

2.00 

&87 

131 

1 

4.2 

Owl 

ia3 

L9 

&16 

.362 

14.7 

0.2 

0 

85 

66 

700 

2.00 

&60 

CABBUBETOB  NO.  2. 
[July  10, 1916;  average  barometer,  29.92  inches;  gasoline,  8.  O.,  0.7276.] 


182 

7.7 

6.3 

14.0 

3.4 

1.49 

a  124 

12.1 

9.3 

0 

90 

03 

280 

1.95 

LOl 

133 

9.0 

7.5 

10.6 

4.0 

1.81 

.125 

12.9 

13.5 

0 

89 

00 

460 

1.90 

L74 

134 

9.3 

7.7 

17.0 

4.0 

1.64 

.127 

13.0 

13.3 

0 

88 

58 

820 

1.90 

L77 

136 

9.3 

7.7 

17.0 

4.0 

1.64 

.132 

12.5 

9.35 

0 

88 

58 

760 

1.90 

L77 

130 

9.1 

7.6 

10.7 

4.0 

1.63 

.128 

12.8 

9.20 

0 

88 

60 

620 

1.90 

L70 

137 

9.0 

7.5 

16.5 

3.9 

1.62 

.124 

13.0 

0 

89 

61 

620 

LOO 

L74 

138 

&8 

7.3 

16.1 

3.9 

1.60 

.125 

12.8 

■i3."4  ■ 

.0 

80 

61 

750 

LOO 

L73 

130 

6.5 

4.3 

9.8 

2.6 

2.85 

.311 

9.2 

1.1 

0 

88 

00 

296 

LOO 

8.10 

140 

16.9 

14.9 

3a8 

6.8 

4.80 

.375 

12.8 

1.7 

0 

88 

64 

650 

L85 

5l18 

141 

9.3 

8.2 

17.5 

3.0 

3.75 

.348 

las 

1.36 

0 

88 

63 

420 

LOO 

4.10 

142 

1 

7.0 

9.8 

17.4 

2.9 

0.60 

.425 

15.5 

2.20 

0 

88 

66 

750 

LOO 

7.  OB 

143 

1 

9.3 

11.8 

21.1 

3.0 

7.20 

.436 

16.5 

2.40 

0 

88 

66 

930 

LOO 

7.64 

144 

1 

9.4 

11.9 

2L3 

3.0 

7.20 

.436 

16.5 

2.40 

0 

88 

66 

1,000 

,  2 

LOO 

7.64 

146 

- 

10.0 

14.2 

3a  8 

0.0 

2.14 

.160 

14.2 

3.45 

0 

88 

66 

276 

L05 

2.29 

146 

6.7 

4.5 

ia2 

2L3 

2L87 

.103 

17.6 

0.00 

0 

89 

70 

430 

L85 

3.06 

147 

7.7 

6.5 

14.2 

3.2 

3.38 

.173 

19.5 

8.80 

0 

88 

70 

610 

L86 

8.56 

148 

jB.6 

7.5 

16.1 

3.5 

3.60 

.173 

20.8 

ia2 

0  1  88 

70 

750 

L95 

3.77 

149 

8.0 

7.5 

16.1 

3.5 

3.00 

.172 

21.0 

ia5 

0  1  88 

09 

920 

L95 

3.77 

160 

4.7 

3.4 

8.1 

2.0 

2.60 

.154 

16.8 

2.0 

0  !  89 

00 

280 

LOS 

2.74 

161 

&5 

7.4 

15.9 

3.5 

3.58 

.175 

20.4 

3.3 

0     89 

60 

420 

LOO 

3.67 

162 

4 

12.0 

11.6 

24.1 

4.6 

4.32 

.186 

23.2 

4.4 

0 

88 

70 

570 

LOO 

4.51 

163 

4 

10.9 

10.2 

33.1 

6.1 

4.99 

.197 

25.4 

0.0 

0 

89 

70 

730 

L90 

5.19 

164 

4 

1&8 

18.2 

37.0 

7.0 

6.23 

.202 

25.9 

0.8 

0 

80 

70 

900 

LOO 

5u43 

155 

4 

18.0 

18.1 

36.7 

7.7 

5.22 

.200 

25.4 

0.8 

0 

89 

70 

1,900 

L95 

5.43 

166 

\ 

21.4 

18.3 

39.7 

7.7 

2.39 

.102 

14.7 

1.3 

0 

89 

66 

266 

LOS 

2.55 

167 

1 

9.2 

8.0 

17.2 

3.7 

3.72 

.191 

19.5 

1.7 

0 

80 

68 

420 

LOO 

8.91 

168 

} 

17.6 

17.0 

34.5 

0.8 

5.10 

.211 

24.2 

2L0 

0 

88 

09 

000 

LOO 

5.31 

189 

1 

6.0 

8.2 

14.5 

2.7 

6.05 

.223 

27.2 

9.1 

0 

88 

70 

760 

LOO 

6.37 

100 

1 

7.7 

lao 

17.7 

3.0 

6.68 

.231 

28.9 

3.0 

0 

88 

70 

900 

LOO 

6.91 

101 

1 

8.0 

lao 

18.2 

3.1 

6.71 

.234 

28.7 

8.7 

0 

88 

70 

1,000 

LOO 

6.04 

102 

1 

8.0 

10.2 

18.2 

3.1 

0.71 

.234 

28.7 

3.7 

0 

88 

70 

1,100 

LOO 

6.04 
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Tabia  UrYUl.'^Log  o/earlfuretor  tetts,  Columbia  Untveniiiff  June  to  Auguti,  191&^ 

Continued. 

CARBURETOR  NO.  7. 
[Jidy  11,  md;  barometer,  39.90  Indies;  gasoline,  S.O.,  0.7376.] 


Ventori  meter. 

^ 

H 

•si 

0 

o 

I 

•a  , 

1 

i 

Wf*- 

i' 

i. 

h 

l| 

s 

i 

i 

k 

-5 

III 

8- 

5a 

•4 

Is. 

p^ 

s 

IP^ 

p$ 

m 

c 

P4 

^ 

» 

ft 

— 

O 

« 

S 

^^ 

163 

1 

8.8 

10.4 

18.7 

3.2 

6.84 

0.517 

18.2 

8.0 

0 

87 

M 

830 

0.96 

7.86 

164 

8.6 

10.8 

19.4 

8.2 

6.93 

.485 

14.3 

8.3 

0 

87 

66 

930 

.96 

7.43 

166 

9.1 

11.4 

20.0 

8.4 

7.10 

.633 

18.6 

8.3 

0 

88 

66 

1,000 

.95 

7.63 

166 

9.0 

11.3 

20.3 

8.4 

7.10 

.633 

18.8 

8.3 

0 

88 

66 

1,100 

.90 

7.63 

167 

8.8 

11.1 

19.9 

3.3 

7.00 

.633 

13.16 

8.3 

0 

88 

66 

930 

.96 

7.68 

168 

6.4 

7.2 

12.6 

2.1 

5.64 

.440 

12.8 

3.0 

0 

88 

66 

630 

.06 

6.06 

160 

, 

11.8 

10.1 

21.4 

4.1 

4.11 

.320 

12.76 

1.1 

0 

88 

66 

430 

.95 

4.48 

170 

6.5 

4.3 

9.7 

3.3 

2.84 

.231 

12.3 

.55 

0 

88 

66 

380 

.06 

8.07 

171 

6.6 

4.7 

10.3 

3.8 

1.28 

.136 

9.4 

9.9 

0 

90 

64 

365 

1.00 

1.43 

173 

6.1 

6.1 

11.2 

3.9 

1.33 

.146 

9.15 

13.3 

0 

90 

63 

400 

1.00 

1.48 

173 

6w4 

6.4 

11.8 

3.3 

1.38 

.158 

8.75 

15.0 

0 

93 

60 

630 

1.00 

1.54 

174 

6.4 

6.4 

11.8 

3.3 

1.36 

.162 

9.10 

16.0 

0 

90 

60 

640 

.06 

1.68 

176 

6.3 

6.3 

11.4 

3.1 

1.36 

.148 

9.15 

14.0 

0 

90 

60 

810 

1.00 

1.50 

176 

IS.O 

11.0 

24.0 

7.3 

1.92 

.214 

8.83 

4.7 

0 

90 

66 

360 

1.00 

3.13 

177 

19.3 

16.3 

35.6 

7.3 

2.28 

.240 

9.50 

7.9 

0 

90 

63 

390 

.95 

3.63 

178 

24.9 

21.3 

46.1 

9.0 

2.54 

.232 

10.9 

10.7 

0 

90 

64 

620 

1.00 

3.70 

170 

6.4 

4.1 

9.5 

3.3 

2.81 

.219 

12.8 

13.3 

0 

90 

64 

640 

1.00 

3.03 

180 

6.6 

4.3 

9.9 

3.3 

2.84 

.309 

13.6 

13.7 

0 

90 

63 

800 

.96 

3.05 

181 

6.8 

4.1 

9.4 

3.2 

2.81 

.336 

11.9 

12.4 

0 

90 

63 

1,000 

.95 

3.06 

183 

6.3 

4.0 

9.3 

2.1 

2.80 

.319 

12.  S 

.4 

0 

02 

68 

370 

1.00 

8.03 

183 

9.8 

8.6 

18.4 

3.6 

3.83 

.396 

13.4 

.75 

0 

91 

66 

400 

1.00 

4.13 

184 

16.9 

15.1 

31.0 

5.8 

4.85 

.363 

13.4 

1.1 

0 

90 

66 

520 

.95 

4.21 

185 

33.3 

23.0 

44.3 

8.0 

5.65 

.433 

13.1 

1.7 

0 

90 

66 

630 

.95 

6.08 

186 

8.8 

10.4 

18.7 

3.1 

6.80 

.600 

13.6 

3.3 

0 

90 

66 

750 

.90 

7.30 

187 

1 

9.8 

12.4 

22.2 

3.6 

7.38 

.503 

13.1 

2.6 

0 

90 

66 

900 

.90 

7.94 

188 

1 

10.3 

12.9 

23.3 

3.8 

7.63 

.518 

13.0 

2.7 

0 

90 

66 

1,000 

.90 

8.11 
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12.7 

22.7 

3.8 

7.53 

.578 

13.0 

3.7 

0 

91 

66 

1,100 

.90 

8.10 

100 

30.8 

17.5 

38.3 

7.7 

2.35 

.315 

10.95 

1.8 

0 

92 

67 

'276 

.96 

2.67 

191 

7.3 

5.9 

13.2 

2.6 

3.28 

.271 

12.10 

8.2 

0 

92 

67 

400 

'  5 

.05 

8.56 

193 

11.0 

9.9 

20.9 

4.3 

4.07 

.298 

13.66 

4.7 

0 

92 

67 

530 

.95 

4.37 

193 

13.8 

12.9 

36.7 

6.3 

4.68 

.334 

13.76 

6.4 

0 

92 

66 

650 

.06 

4.01 

194 

16.8 

15.6 

31.8 

6.2 

4.88 

.360 

13.3  • 

7.7 

0 

92 

65 

800 

.90 

6.25 

105 

16.6 

15.7 

32.2 

6.2 

4.92 

.868 

13.4 

8.0 

0 

93 

64 

.00 

5.20 

CARBURETOR  NO.  8. 
[July  12, 1916;  average  barometer,  29.86  incbes; 


t,  8.  G,  0.7276.] 


196 

9.9 

12.3 

22.2 

8.6 

7.40 

0.462 

16.0 

1.6 

0  86 

64 

800 

1.76 

7.86 

197 

11.6 

14.2 

25.8 

4.2 

7.90 

.500 

15.8 

1.6 

0  86 

64 

930 

1.80 

8.40 

198 

11.9 

14.6 

26.6 

4.3 

8.00 

.611 

15.6 

1.7 

0  86 

64 

1,010 

1.80 

8.01 

199 

12.1 

14.9 

27.0 

4.3 

8.05 

.518 

16.5 

1.7 

0  86 

64 

1,100 

1.80 

8.67 

200 

1 

12.4 

15.1 

27.6 

4.3 

8.13 

.524 

15.5 

1.7 

0  86 

64 

1,176 

1.80 

8.66 

301 

12.7 

15.6 

28.3 

4.6 

8.20 

.633 

15.9 

1.7 

0  86 

64 

1,400 

1.80 

8.78 

303 

14.8 

17.6 

31.8 

5.2 

8.66 

.672 

15.1 

1.9 

0  87 

64 

1,600 

1.80 

9.33 

303 

7.5 

9.7 

17.2 

2.9 

6.67 

.418 

15.7 

1.3 

0  88 

66 

730 

1.80 

6.00 

304 

6.2 

7.0 

12.2 

2.1 

6.56 

.348 

16.0 

1.0 

0  88 

66 

600 

1.80 

6.91 

305 

12.1 

10.7 

22.8 

4.6 

4.25 

.276 

16.4 

9.8 

0  88 

66 

450 

1.80 

468 

306 

18.8 

14.0 

33.0 

6.5 

2.22 

.163 

14.6 

.8 

0  88 

67 

330 

1.80 

3.37 

307 

7.7 

6.2 

13.9 

3.0 

3.35 

.233 

14.4 

.8 

0  88 

66 

845 

1.80 

3.37 

308 

16.9 

19.2 

35.1 

5.8 

9.00 

.600 

15.0 

2.1 

0  88 

64 

1,800 

1.80 

3.60 

309 

7.3 

4.7 

12.0 

3.1 

1.38 

.078 

17.7 

13.8 

0  89 

66 

430 

1.80 

1.46 

310 

7.4 

4.8 

12.2 

3.1 

1.69 

.081 

17.2 

15.0 

0  90 

66 

670 

1.80 

1.47 

311 

6.8 

4.3 

11.0 

3.1 

3.14 

.074 

18.1 

12.0 

0  90 

68 

360 

1.80 

1.43 

313 

6.2 

3.8 

10.0 

2.8 

1.27 

.067 

19.0 

8.8 

0  90 

60 

340 

1.80 

1.34 

313 

23.0 

18.0 

41.0 

8.0 

2.42 

.177 

13.7 

5.7 

0  90 

67 

370 

1.80 

3.50 

314 

14.5 

10.9 

26.4 

6.3 

1.96 

.132 

14.8 

3.4 

0  90 

68 

350 

1.80 

3.00 

215 

6.2 

4.3 

11.0 

2.6 

3.00 

.205 

14.6 

8.8 

0  90 

66 

610 

1.80 

3.30 

216 

6.8 

5.5 

12.3 

2.9 

3.16 

.214 

14.1 

10.8 

0  90 

64 

660 

1.80 

3.37 

317 

7.3 

5.9 

13.2 

2.9 

3.27 

.222 

14.7 

11.9 

0  90 

61 

830 

1.80 

3.49 

318 

7.0 

6.6 

12.6 

2.8 

3.» 

.218 

14.7 

11.1 

0  90 

64 

1,000 

1.80 

8.43 

319 

2.0 

16.9 

35.0 

7.2 

2.27 

.154 

14.7 

1.6 

0  90 

68 

250 

1.80 

3.43 

930 

6.3 

4.8 

11.1 

2.6 

3.00 

.202 

14.9 

2.0 

0  90 

68 

350 

1.80 

8.20 

321 

10.5 

9.3 

19.8 

4.0 

3.97 

.276 

14.4 

2.4 

0  91 

68 

426 

1.80 

4.35 

222 

16.4 

14.4 

20.8 

5.7 

4.76 

.324 

14.7 

6.4 

0  91 

66 

700 

1.80 

5.06 

323 

11.6 

16.5 

34.0 

6.4 

6.04 

.376 

13.4 

7.4 

0  91 

66 

1,000 

1.80 

5.43 

324 

1 

4.2 

5.8 

10.0 

1.6 

6.08 

.329 

16.4 

8.1 

0  02 

1,200 

1.80 

6.41 

225 

1 

4.2 

5.8 

10.0 

1.6 

5.06 

.828 

16.4 

8.1 

0  93 

1,400 

1.80 

1.80 

236 

1 

10.8 

7.8 

18.6 

3.6 

1.70 

.104 

16.4 

6.3 

0  93 

*"68* 

356 

L80 

LSI 
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Table  II-VIII. — Log  ofeaahwretor  tetta,  Columbia  UnivenUy,  June  to  Augutt^  1916^ 

Continued. 


CARBURETOR  NO.  S-Continued. 


V«>!ntarl  meter. 


^1 
II 

o 

&4 


Tempera- 
ture, 'F. 


-.5 


227 
228 
229 
230 
231 
232 
233 
234 


13.8 
14.2 
19.7 
15.2 
14.3 
6.6 
5.8 
6.9 


9.4 
10.7 
11.0 
11.5 
10.  e 
4.1 
4.3 
4.6 


22.2 
24.9 
25.7 
26.7 
24.9 
9.6 
10.1 
10.4 


4.1 
4.5 
4.6 
4.7 
4.5 
1.8 
1.9 
1.9 


1.85 
1.94 
1.98 
2.02 
1.04 
2.80 
2.89 
2.92 


.130 
.128 
.131 
.134 
.125 
.185 
.192 
.192 


15.4 
15.1 
15.0 
15.1 
15.5 
15.1 
15.0 
16.2 


8.5 
10.9 
13.0 
13.4 
13.26 
10.1 
11.2 
11.4 


330 
430 
530 
600 
730 
530 
630 
710 


1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


1.97 
2.07 
2.11 
2.15 
2.07 
2.96 
3.08 
3.U 


CARBURETOR  No.  6. 
[July  13, 1916;  average  barometer,  29.80  Inches;  gasoline,  8.O.,  0.7275. 


235 

11.1 

13.7 

4.0 

24.8 

7.70 

0.400 

15.7 

1.8 

0 

93 

66 

1,000 

1.85 

7.19 

236 

11.8 

14.6 

4.3 

26.4 

8.00 

.485 

16.5 

1.8 

0 

03 

66 

1,200 

1.90 

8.40 

237 

13.0 

15.9 

4.8 

28.9 

8.30 

.513 

16.2 

1.8 

0 

02 

66 

1,600 

1.90 

8.81 

238 

9.5 

11.9 

21.4 

8.5 

7.36 

.494 

16.3 

1.5 

0 

92 

66 

800 

1.90 

7.60 

239 

5.3 

7.0 

12.3 

3.8 

6.70 

.348 

16.4 

1.0 

0 

92 

66 

600 

1.90 

6.06 

240 

3.6 

5.0 

8.6 

4.1 

4.72 

.296 

16.0 

.7 

0 

92 

66 

500 

1.90 

6.03 

241 

2.4 

3.7 

6.1 

4.3 

4.00 

.243 

16.4 

.5 

0 

92 

66 

400 

1.90 

4.34 

242 

4.9 

3.3 

8.2 

1.9 

2.61 

.182 

14.3 

.5 

0 

92 

66 

360 

1.95 

3.79 

243 

4.7 

2.5 

7.2 

2.0 

1.08 

.064 

16.9 

10.5 

0 

93 

66 

220 

1.90 

1.14 

344 

4.9 

2.6 

7.6 

2.0 

1.10 

.068 

16.2 

13.2 

0 

92 

66 

340 

1.90 

1.17 

345 

5.0 

2.7 

7.7 

2.0 

1.12 

.068 

16.5 

14.4 

0 

03 

66 

420 

1.90 

1.19 

346 

7.7 

6.1 

12.8 

3.3 

1.42 

.086 

16.5 

8.1 

0 

92 

66 

250 

1.85 

1.49 

247 

8.4 

5.7 

14.1 

3.4 

1.50 

.005 

15.8 

9.9 

0 

92 

66 

.    320 

1.86 

1.00 

248 

9.7 

6.7 

16.4 

3.9 

l.W 

.008 

16.4 

12.3 

0 

92 

66 

420 

1.80 

1.70 

249 

9.8 

6.8 

16.6 

3.9 

1.62 

.008 

16.5 

13.3 

0 

92 

66 

530 

1.80 

1.78 

[July  14, 1916;  average  barometer,  29.96  inches.] 


250 

13.2 

9.6 

22.7 

4.8 

1.86 

a  121 

16.8 

11.5 

0 

86 

61 

420 

L85 

LOS 

251 

11.3 

8.0 

ia3 

4.3 

1.73 

.110 

15.7 

9.2 

0 

87 

63 

S20 

1.85 

L84 

252 

9.2 

6.1 

15.3 

3.7 

L55 

.094 

16.6 

6.8 

0 

87 

64 

230 

1.85 

L66 

253 

14.0 

ia2 

24.2 

5.2 

L92 

.112 

17.2 

13.0 

0 

87 

62 

560 

1.85 

3LQ8 

254 

13.9 

lai 

24.0 

5.2 

1.92 

.125 

15.3 

12.8 

0 

88 

60 

720 

1.85 

2L0S 

255 

14.0 

ia2 

24.2 

5.2 

1.92 

.138 

13.9 

12.8 

0 

88 

60 

560 

1.85 

2.06 

256 

14.0 

ia2 

24.2 

5.2 

1.92 

.136 

14.1 

12.8 

0 

88 

60 

560 

1.85 

2LQ6 

267 

8.2 

6.5 

14.7 

8.1 

3,47 

.233 

14.9 

8.8 

0 

87 

60 

560 

1.90 

3.70 

258 

9.2 

7.5 

16.7 

3.4 

3.66 

.240 

15.2 

ia5 

0 

88 

59 

730 

1.90 

3.89 

259 

9.2 

7.5 

16.7 

8.4 

3.66 

.246 

14.9 

ia5 

0 

88 

59 

920 

1.90 

3.90 

260 

8.5 

6.9 

15.4 

3.2 

8.62 

.250 

14.1 

9.5 

0 

88 

59 

1,100 

1.90 

3.77 

[July  31, 1916.] 


361 

8.5 

9.5 

18.0 

6.6 

L66 

a  122 

13.6 

1.85 

0 

88 

66 

200 

LOO 

L78 

362 

14.5 

15.0 

29.5 

ia4 

2.10 

.140 

16.0 

3.00 

0 

88 

66 

250 

L90 

2L34 

263 

19.4 

19.3 

38.7 

7.4 

2.35 

.182 

12.3 

4.50 

0 

88 

64 

345 

L95 

3.68 

354 

7.3 

5.0 

12.3 

6.5 

3.13 

.223 

14.1 

7.00 

0 

88 

64 

480 

2.00 

3.35 

365 

7.6 

5.3 

12.9 

6.5 

3.23 

.226 

14.4 

&00 

0 

90 

64 

560 

2L00 

3.46 

366 

5.6 

3.3 

a9 

6.9 

2.38 

.168 

14.2 

4.00 

0 

88 

66 

340 

L95 

2.56 

367 

4.0 

1.7 

5.7 

7<2 

2.18 

.155 

14.1 

2.80 

0 

90 

66 

250 

L90 

2.34 

368 

6.7 

4.4 

11.2 

6.9 

8.00 

.212 

14.2 

.60 

0 

90 

66 

290 

2.00 

3.31 

369 

8.4 

6.1 

14.5 

6.8 

3.43 

.248 

13.8 

.80 

0 

90 

66 

850 

L95 

3.68 

370 

, 

13.8 

11.6 

25.4 

6.0 

4.42 

.306 

14.4 

LOO 

0 

90 

66 

450 

L95 

4.73 

271 

3L8 

30.1 

4L9 

7.5 

5.50 

.368 

14.9 

L20 

0 

90 

66 

580 

L95 

5.87 

Digitized  by 


Google 


AISBOXTAUTIGS. 


481 


Tabub  II-VIII.— £o^  ofearhweiQT  tuU,  Columbia  Un%ver9Uyf  June  to  Avgua,  19i$-^ 

Continued. 

CARBURETOR  NO  5. 
[Toly  ao,  1016;  swage  barometer,  aaso  inches;  gaaoilna,  8.  Q.,  equals  0.717Ek) 


Venturi  meter. 

P 

pi 

tag 

si 

i 

Pi 

i 

4 

i 

Tempem- 
ture,  'F. 

IS. 

1^ 

*• 
o 

u 

l| 

Zi 
si 

l| 

i 
1 

jf 

k 

5h 

■fa 

H|| 

h 
II 

PS 

OQ 

^ 

M 

P4 

s 

Ah 

fc 

« 

£ 

Z. 

o*" 

h> 

^ 

& 

272 

} 

12.5 

15.5 

28.0 

5.8 

2L07 

a  113 

18.3 

1.00 

0 

78 

58 

210 

2.15 

2.18 

273 

1 

ia5 

7.6 

l&l 

3.6 

3.80 

.108 

19.2 

1.00 

0 

78 

53 

890 

2.15 

4.00 

274 

1 

18.6 

16.2 

34.8 

6.6 

5.11 

.284 

18.08 

1.20 

0 

78 

53 

540 

2.15 

5.30 

275 

1 

9.0 

9.8 

1&8 

3.2 

6.82 

.392 

17.40 

1.40 

0 

78 

53 

700 

2L15 

7.21 

27« 

1 

12.7 

14.1 

26.8 

4.5 

8.00 

.487 

16.45 

1.70 

0 

80 

58 

880 

2L15 

&40 

277 

1 

13.1 

14.6 

27.7 

5.4 

8.15 

.512 

15.92 

1.70 

0 

81 

54 

1,060 

2.15 

8.66 

278 

1 

13.5 

14.9 

2&4 

4.6 

8.21 

.527 

15.70 

1.70 

0 

81 

55 

1250 

I 

2.15 

8.80 

279 

5.6 

5.3 

lao 

3.7 

.277 

.038 

7.30 

12.00 

0 

81 

62 

'l60 

2 

2.15 

.318 

280 

. 

5.9 

5.5 

11.4 

3.9 

.282 

.037 

7.62 

13.10 

0 

81 

58 

200 

2 

2.15 

.310 

281 

6.1 

5.9 

12.0 

5.5 

.290 

.037 

7.83 

14.00 

0 

82 

53 

260 

2.15 

.327 

282 

6.0 

5.8 

11.8 

4.5 

.288 

.036 

8.57 

11.10 

0 

82 

53 

126 

2.15 

.391 

283 

16.3 

1&5 

34.8 

7.1 

2L25 

.138 

16.32 

1.00 

0 

82 

56 

240 

2.15 

2.30 

284 

9.4 

6.4 

15.8 

3.8 

3.56 

.188 

18.97 

1.10 

0 

82 

54 

380 

2.15 

3.76 

285 

19.5 

17.4 

36.9 

7.1 

5.20 

.299 

17.40 

1.20 

0 

82 

55 

550 

2.15 

5.50 

286 

1 

9.3 

lai 

19.4 

3.2 

6.92 

.412 

16.80 

1.50 

0 

82 

56 

730 

2.15 

7.33 

287 

1 

12.3 

13.5 

25.8 

4.2 

7.00 

.503 

15.76 

1.70 

0 

82 

56 

900 

2.15 

8.40 

288 

1 

12.5 

13.9 

26.4 

4.2 

&00 

.516 

15.50 

1.70 

0 

82 

58 

1,060 

2.15 

8.52 

289 

) 

las 

7.6 

17.9 

3.7 

3.77 

.220 

17.15 

1.00 

0 

82 

60 

'400 

2.15 

3.90 

290 

{ 

ia5 

13.8 

24.3 

5.3 

1.94 

.113 

17.15 

1.00 

0 

82 

60 

205 

2.15 

2.05 

291 

1 

lao 

15.5 

33.5 

6.4 

5.00 

.272 

1&40 

1.80 

0 

82 

60 

550 

2.15 

5.27 

292 

1 

7.8 

&4 

16.2 

2L7 

6.40 

.377 

16.98 

2.50 

0 

82 

60 

740 

2.15 

6.77 

293 

1 

9.7 

ia5 

2a2 

3.3 

7.08 

.422 

16.80 

3.00 

0 

82 

60 

900 

2.15 

7.50 

294 

1 

lao 

11.0 

21.0 

3.3 

7.26 

.440 

16.47 

3.10 

0 

84 

60 

1,000 

2.15 

7.60 

295 

1 

9.3 

6.5 

15.8 

3.3 

3.56 

.184 

19.30 

1.30 

0 

84 

64 

380 

2.16 

3.74 

296 

6.7 

4.0 

ia7 

2.6 

2.93 

.158 

18.52 

1.20 

0 

84 

60 

300 

2.15 

3.00 

297 

1 

lai 

11.1 

2H 

3.4 

7.26 

.480 

16.85 

3.20 

0 

84 

60 

1,100 

2.15 

7.60 

298 

h 

8.8 

12.3 

21.1 

4.6 

1.83 

.106 

17.18 

8.10 

0 

84 

68 

230 

2.15 

1.02 

299      i 

14.7 

17.2 

3L2 

6.4 

2.16 

.120 

18.00 

4.30 

0 

84 

64 

200 

2.15 

2.28 

800 

19.8 

21.6 

41.4 

&0 

2.43 

.138 

17.60 

5.70 

0 

84 

60 

380 

2.15 

2.57 

801 

.6.8 

4.0 

ia8 

2.3 

2.94 

.149 

19.70 

8.40 

0 

84 

60 

500 

2.15 

3.00 

802 

7.8 

4.5 

11.8 

X6 

3.12 

.154 

20.30 

0.30 

0 

84 

60 

eoo 

2.15 

3.27 

303 

7.7 

4.8 

12.5 

2.8 

3.18 

.102 

19.65 

ia30 

0 

84 

60 

720 

2.15 

8.34 

304 

4.0 

8.1 

.IZl 

3.1 

1.89 

.063 

16.05 

2.10 

0 

84 

62 

160 

2.15 

1.47 

305 

4.8 

&9 

13.7 

3.3 

1.47 

.083 

17.70 

2.20 

0 

84 

61 

180 

2.15 

1.55 

306 

5.0 

9.0 

14.0 

3.4 

1.50 

.084 

17.70 

2.20 

0 

84 

61 

160 

2.15 

1.58 

307 

a5 

5.2 

5.7 

1.5 

.97 

.056 

17.30 

1.30 

0 

84 

61 

80 

2.15 

1.03 

308 

a7 

5.3 

6.2 

1.5 

1.01 

.061 

16.06 

1.40 

0 

84 

61 

100 

2.15 

1.07 

809 

6.5 

9.5 

15.0 

3.5 

1.64 

.061 

17.30 

2.30 

0 

84 

65 

165 

2L15 

L68 

CARBURETOR  NO.  7. 
[July  25, 1916;  avenge  barometer,  30.05  Inches;  gasoline,  S.  O.,  equals  0.688.) 


810 

6.0 

7.6 

14.5 

2.4 

6.06 

a  473 

12.85 

7.8 

0 

82 

48 

700 

6.58 

311 

7.8 

8.8 

16.6 

2.7 

6.40 

.506 

1Z60 

2.0 

0 

82 

50 

850 

6.91 

312 

lao 

11.4 

21.4 

2.3 

7.23 

.583 

12.40 

2.8 

0 

82 

50 

1,000 

7.81 

313 

ia4 

11.7 

22.1 

3.5 

7.38 

.580 

12.78 

2.8 

0 

82 

50 

1900 

7.96 

314 

ia5 

11.8 

22.3 

3.5 

7.40 

.580 

12.75 

2.7 

0 

82 

49 

1,800 

7.98 

315 

13.0 

13.2 

36.2 

5.4 

1.98 

.192 

ia30 

.2 

0 

82 

50 

900 

2.17 

816 

6.4 

3.8 

ia2 

.3.0 

2L00 

.224 

12.90 

.5 

0 

82 

50 

800 

8.12 

317 

11.2 

8.7 

19.9 

4.2 

3.95 

.807 

12.90 

1.0 

0 

82 

50 

400 

4.26 

818 

17.2 

15.0 

32.2 

6.0 
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CARBURETOR  NO.  7-CoDtiniied. 
(Tidy  96, 1916;  ftTense  barometv,  99.97  Inches;  gasoUiM,  8.  0.,  equals  0.688.) 
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14.6 

3.1 

4.7 

9.0 

11.2 

12.6 

14.1 

13.3 

13.0 


26.8 
26.0 
20.6 
28.8 
27.0 
27.0 

7.0 
12.8 
10.2 
33.4 
14.1 
17.0 
21.6 
23.0 
23.0 

6.2 
11.8 
18.8 
32.6 
15.2 
14.6 
16.7 
17.7 
17.3 
37.6 
25.8 

0.1 
12.1 
20.0 
25.2 
27.8 
3a5 
20.0 
28.6 


6.7 
6.7 
5.7 
5.8 
5.7 
&8 
1.6 
2.7 
3.7 
6.3 
2.2 
2.9 
3.7 
3.9 
4.0 
1.6 
2.6 
2.7 
6.2 
2.6 
2.3 
2.8 
3.1 
3.0 
7.2 
&4 
2.0 
2.6 
4.3 
&0 
&4 
&8 
6.6 
&0 


2.02 
2.03 
2.01 
2.02 
2.03 
2.08 
2.42 
3.16 
3.88 
5.00 
5.08 
0.68 
7.26 
7.50 
7.50 
2.28 
3.10 
3.86 
4.07 
6.20 
6.10 
6.50 
6.68 
6.07 
5.26 
1.07 
2.74 
3.12 
4.01 
4.40 
4.60 
4.80 
4.00 
4.07 


0.144 
.142 
.143 
.184 
.131 
.188 
.101 
.208 
.245 
.311 
.366 
.413 
.458 
.472 
.480 
.147 
.104 
.240 
.300 
.370 
.381 
.380 
.407 
.408 
.328 
.141 
.176 
.107 
.240 
.260 
.275 
.205 
.283 
.200 


14.03 
14.27 
14.05 
15.10 
15.50 
14.70 
16.03 
1&20 
15.85 
16.10 
16.36 
16.20 
15.87 
15.00 
16.61 
15.60 
16.00 
16.07 
16.51 
16.35 
16.00 
16.63 
16.41 
16.02 
16.00 
13.07 
1&66 
1&82 
16.15 
16.39 
16.73 
16.25 
10.63 
16.20 


ia4 

12.3 
113 
11.0 
11.3 

lao 

0 
.4 

.0 
1.0 
1.6 
2l0 
2.5 
2.6 
2.7 
.4 
.8 
1.2 
3.1 
8.4 
8.4 
3.0 
4.2 
4.3 
2.5 
1.0 
2.0 
2.5 
4.4 
0.6 
6.1 
7.5 
0.0 
0.5 


03 
60 
68 

68 
60 
50 
64 
64 
63 
65 
*55 
67 
68 
67 
67 
68 
67 
67 
67 
61 
61 
00 
50 
01 
01 
00 
03 
03 
03 
03 
03 
03 
03 
06 


430 

630 

700 

880 

000 

1,100 

340 

830 

400 

620 

660 

700 

000 

1,000 

1,250 

220 

325 

410 

640 

760 

760 

010 

1,020 

1,120 

640 

230 

310 

300 

600 

610 

730 

860 

1,000 

1,110 


2.ie 

2.17 
2.18 
2.15 
110 
117 
158 
3.87 
4.13 
5.31 
0.36 
1.00 
7.72 
7.07 
7.96 
143 
3.20 
4.10 
&27 
0.68 
0.48 
0.80 
7.00 
0.01 
6.30 
111 
183 
8.00 
4.27 
4.08 
4.80 
&17 
4.00 
4.03 


lAtlg.  1, 1016; 


CARBURETOR  NO.  0. 

barameteTj  20.06  inches;  gaaolino,  8.  O.,  0.083.] 


473 

a6 

6.0 

5.0 

1.0  0.060 

ao70 

1116 

10t7 

0 

87 

48 

220 

L0« 

474 

.6 

4.8 

6.3 

1.5 

.040 

.070 

11.00 

iai6 

0 

80 

40 

320 

1.01 

476 

.4 

4.7 

5.1 

1.4 

.020 

.080 

11.60 

16.20 

0 

80 

40 

400 

LOO 

476 

18.7 

10.8 

88.6 

11.7 

.403 

.006 

7.60 

0.0 

0 

80 

48 

170 

.00 

477 

1&5 

2ao 

3&6 

11.6 

.403 

.061 

8.08 

7.4 

0 

80 

60 

140 

.06 

478 

8.0 

112 

21.1 

4.0 

1.86 

.172 

ia70 

1.3 

0 

87 

44 

210 

103 

470 

7.6 

4.6 

110 

1.0 

3.11 

.240 

1105 

1.7 

0 

88 

45 

340 

3.36 

480 

12.8 

lao 

218 

4.7 

4.21 

.314 

13.40 

11 

0 

00 

46 

460 

4.83 

481 

18.0 

10.3 

34.8 

0.0 

6.00 

.364 

14.38 

12 

0 

00 

46 

660 

5.44 

482 

1 

0.8 

7.2 

14.0 

15 

5.06 

.388 

16.36 

16 

0 

01 

48 

080 

0.34 

483 

1 

0.1 

0.0 

10.0 

3.3 

6l88 

.430 

10.40 

10 

0 

02 

60 

840 

». 

7.31 

484 

k 

0.0 

ia3 

16.0 

4.0 

1.63 

.174 

0.38 

1.2 

0 

02 

48 

180 

1.80 

485 

1 

0.6 

ia2 

10.7 

3.3 

7.00 

.450 

15.55 

3.0 

0 

04 

60 

000 

7.45 

486 

1 

0.0 

ia7 

20.6 

3.4 

7.10 

.446 

16.06 

3.1 

0 

04 

63 

1.070 

7.56 

487 

1 

11.0 

11.7 

217 

3.0 

7.60 

.456 

16.65 

3.3 

0 

00 

66 

1,240 

7.06 

488 

11.1 

14.0 

25.1 

6.7 

1.06 

.186 

laso 

1.6 

0 

02 

61 

220 

114 

480 

7.6 

4.0 

112 

16 

3.13 

.261 

1100 

L7 

0 

02 

46 

360 

3.30 

400 

13.2 

ia5 

23.7 

4.0 

4.20 

.342 

1103 

12 

0 

03 

47 

480 

4.CI 

401 

18.8 

10.0 

86.2 

0.7  5.10 

.888 

13.15 

16 

0 

04 

48 

000 

6.40 

402 

1 

7.3 

7.8 

15.1 

16  0.17 

.430 

14.36 

10 

0 

04 

48 

720 

0.00 

403 

4 

6.6 

0.2 

14.8 

8.4 

1.63 

.170 

8.60 

1.3 

0 

04 

61 

176 

1.71 

404 

1 

OiO 

0.7 

18.7 

3.0 

0.80 

.422 

10.11 

10 

0 

04 

61 

860 

7.22 

405 

1 

lao 

10.8 

20.8 

3.0 

1.18 

.453 

15.03 

3.2 

0 

07 

60 

080 

7.8S 

406 

1 

lao 

ia8 

2a8 

8.4 

7.18 

.403 

16.66 

8.2 

0 

08 

61 

1,000 

7.04 

407 

1 

lao 

11.1 

21.1 

3.4 

7.30 

.408 

15.56 

3.4 

0 

08 

62 

1,260 

7.06 

408 

lao 

13.0 

23.0 

6.1 

1.87 

.181 

ia33 

LO 

0 

00 

64 

206 

106 

400 

24.6 

26.2 

40.7 

0.6 

103 

.340 

laoi 

11 

0 

04 

47 

810 

186 

600 

116 

0.8 

213 

4.3 

4.18 

.830 

1107 

10 

0 

06 

60 

400 

4.51 

601 

17.8 

16.3 

33.1 

0.3 

5.00 

.373 

13.43 

3.6 

0 

00 

60 

000 

S.37 

608 

1 

0.0 

0.4 

114 

12 

5.00 

.800 

14.16 

8.8 

0 

07 

40 

700 

0.00 

603 

1 

7.3 

7.8 

IM 

16 

0.30 

.400 

1&60 

4.0 

0 

08 

52 

880 

0.00 

604 

1 

7.3 

7.0 

16.2 

15 

0.21 

.430 

14.43 

4.4 

0 

08 

68 

1,000 

0L04 

606 

1 

7.0 

ao 

16.0 

10 

^S 

.430 

14.80 

4.0 

0 

08 

M 

1180 

406 
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Tablb  II-VIII.— £o^  of  earbwtUif  tetts,  Columbia  Umvemtfff  June  to  Augtutj  1916^ 

Contiiiued. 

CARBURETOR  NO.  «-CoQtlniied. 
lAuf .  2, 1018;  barometar,  80.17  inches;  gasoline,  8.  Q.,  0.683.1 


-I 


Tempeni- 
ture,  "F. 


fi'Sl 


•as. 


1.66 
1.97 
LIO 
1.92 
1.67 
1.66 


a  175 
.180 
.126 
.131 
.130 
.186 


&85 
10.42 
8.80 

laeo 

11.30 
2.00 


11 
5.8 
1.3 
3.6 
9.5 
0.6 


100 
300 
110 
240 
350 
360 


1.7S 
2.16 
1.23 
2.10 
1.71 
1.86 


By  means  of  a  stop  watch  the  time  required  to  consume  a  definite 
weight  of  fuel  was  determined,  and  the  run  was  continued  until 
three  consecutive  readings  showed  the  flow  to  be  steady  and  the  rate 
of  flow  constant. 

In  general  each  carburetor  was  tested  for  five  different  throttle 
positions,  including  idling  and  full  throttle,  and  at  a  sufficient  number 
of  engine  speeds  at  each  throttle  position.  Whenever  the  readings 
showed  that  the  critical  pressure  nad  been  reached,  so  that  an  in- 
OE^ase  in  engine  speed  would  not  produce  an  increase  of  flow,  the 
throttle  was  changed  to  its  next  position.  In  each  case  the  lowest 
speed  was  the  minimum  speed  at  which  the  dynamometer  could  be 
operated. 

All  carburetors  were  tested  with  standard  gasoline  of  62.5®  Baum6, 
and  a  number  of  them  also  with  rasoline  of  fs®  Baumfi.  The  former 
was  bought  from  the  Standard  Oil  Co.,  and  the  latter  was  obtained 
from  the  American  Oil  Works,  Titusville,  Pa. 

The  following  carburetors,  all  modern  compensating  forms,  were 
very  kindly  loaned  by  their  makers  for  the  purpose  of  these  tests 
when  requested  through  the  National  Automobile  Chamber  of  Com- 
merce, but  the  trade  names  are  suppressed  for  obvious  reasons. 


IfarkNo. 

Diameter 
of  outlet. 

New 
elAss. 

Hark  No. 

Diameter 
of  outlet. 

New 
class. 

1 

Ineke$. 

if 

13.6 
18.4 
U.6 
6.6 
12.6 

6 

Inehe». 

14.1 

S 

7 

1 
1 
1 
1 

t 

8.2 

s 

8 

12.7 

4 

0 

10.0 

6 

10 

0.2 

It  had  been  the  intention  to  test  two  other  makes  of  carburetors, 
but,  although  promised  by  the  makers,  delivery  was  not  made. 

It  is  moSb  impjortant  tnat  the  results  of  these  tests  be  not  mis- 
interpreted, and  it  must  be  emphasized  again  that  tilie  tests  should 
not  be  considered  in  any  way  as  competitive.  In  the  first  place,  only 
one  feature  of  each  carburetor  was  brought  out,  namely,  the  accu- 
racy of  the  proporticming  of  the  mixture  at  different  flow  rates,  and 
this  does  not  throw  any  fight  on  tiie  intimacy  or  homogeneity  of  the 
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mixture,  its  density,  or  its  degree  of  dryness.  But  even  witii  respect 
to  proportions  the  results  diould  be  quoted  or  considered  onl^  in 
so  far  as  they  tend  to  reveal  the  characteristics  of  t}ie  variations 
from  constancv  with  reference  to  flow  rate  for  the  general  sort  of 
carburetor  under  study.  No  attempt  was  made  to  improve  the  per- 
formance of  each  carburetor  after  the  object  stated  had  been  at- 
tained. For  instance,  where  a  carburetor  has  separate  adjustmentB 
for  each  throttle  position,  as  in  one  well-known  tvpe,  the  adjust- 
ments were  not  continued  after  the  plotted  curves  of  the  results  had 
shown  plainly  what  might  and  what  might  not  be  effected  by  furtiiier 
adjustment.    In  the  same  way,  where  the  auxiliary  air  supply  is 

Xlated  by  spring-loaded  valves,  no  attempt  was  made  to  nnd  the 
t  of  different  springs  or  spring  tensions,  since  it  is  well  known 
what  effect  a  lighter  or  heavier  spring  or  a  change  in  tiie  initial 
tension  will  prMuoe. 

Furthermore,  since  all  carburetors  showed  an  appreciable  varia- 
tion in  the  proportions  of  the  mixture  under  widely  varying  canr 
ditions  it  is  not  important  that  the  whole  proportionality  range  of 
one  is  lower  than  the  whole  range  of  another  over  the  same  range 
of  flow  rates.  Obviously  the  flow  rate  range  is  a  matter  of  option 
in  use. 

Where  a  carburetor  has  an  independent  arrangement  for  idling 
controlled  by  the  throttle  position  or  the  vacuum  above  the  throttle, 
so  that  it  really  consists  of  two  distinct  carburetors  with  separate 
jets,  the  idling  mixture  was  not  very  carefully  adjusted^  since  this 
IS  a  manual  operation  and  its  result  quite  independent  of  the  auto- 
matic compensations  over  the  working  ranges  of  flow  rates.  When- 
ever an  individual  result  was  obtained  that  seemed  inconsistent  the 
run  was  repeated,  and  errors  in  calculations  or  readings  were  thus 
quickly  found  out  and  eliminated  during  the  progress  of  the  test. 
Under  these  conditions  and  considering  me  methods  and  apparatus 
used  the  final  results  should  be  correct  within  1  per  cent. 

The  proportionality  results  for  each  carburetor  have  beeen  plotted 
in  three  different  ways: 

(A)  Ratio  of  air  to  ^oline  by  weight  as  ordinates,  plotted 
against  total  weight  of  mixture  as  aoscissse,  designated  by  the  letter 
"A,"  on  the  curve  sheets. 

(B)  Same  ordinates  as  in  the  previous  case,  plotted  against  the 
total  pressure  drop  across  carburetor  as  abscisssB,  designated  by  the 
letter  "  B,"  on  the  curve  sheets. 

(C)  Weight  of  ^Lsoline  as  ordinates,  plotted  against  weight  of 
air  as  abscissae,  designated  by  the  letter  "  C,"  on  the  curve  sheets. 

Where  two  kinds  of  gasoline  were  used  sheets  marked  A^  and  A^ 
and  Ci  and  C^  will  be  found,  the  subscript  1  denoting  the  heavier 
fuel  and  2  the  lighter.  B  was  plotted  only  for  the  heavier  fuel. 
since  it  does  not  help  the  understanding  very  much;  so  B  only  will 
be  found. 

The  throttle  positions  are  marked  by  numbers.  (See  any  A  or  B 
sheet.)  These  numbers  were  assigned  for  convenience  only  and  give 
no  indication  as  to  the  degree  of  throttle  opening.  By  means  of 
these  numbers  and  the  corresponding  symbols  the  points  of  a  group 
can  be  kept  together  and  recognized;  also  it  will  be  easy  to  find  the 
corresponding  reading  on  the  log  sheets  where  the  same  numbers  are 
used. 
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On  the  C  sheets  no  numbers  are  used,  and  the  points  of  any  one 
group  have  simply  been  given  a  characteristic  mark,  which  does  not 
necessarily  ap^ree  with  the  symbols  of  the  same  ffroup  on  the  A  and 
B  sheets.  Since  the  C  curve  has  only  been  used  to  ^ve  an  idea  of 
the  general  nature  of  the  mean  curve  of  all  results,  this  discrepancy, 
which  was  discovered  too  late,  does  not  matter. 

It  should  also  be  noted  that  where  two  tests  were  run  on  one 
carburetor  no  attempt  was  made  to  test  it  with  exactly  the  same 
throttle  position  in  both  cases.  Since  the  tests  had  to  be  run  on 
different  days  and  the  carburetor  was  removed  from  the  box  between 
the  two  tests^  and  because  in  some  throttle  positions  even  the  very 
slightest  motion  of  the  throttle  will  affect  the  flow  considerably,  the 
same  throttle  positions  could  not  have  been  reproduced  without  a 
very  accurate  system  of  marking,  which  would  have  required  too 
much  time. 

The  individual  points  had  at  first  been  combined  into  smooth 
curves,  representinj?  mean  values,  but  this  method  was  abandoned, 
since  it  appeared,  first,  that  it  in  no  way  helped  the  understanding, 
and,  second,  because  in  some  cases  results  were  so  erratic  that  they 
could  not  f  airl;^  be  represented  by  smooth  curves.  Accordingly  the 
test  points  are  joined  by  straight  lines  on  the  curve  sheets. 

On  inspecting  the  curves  it  will  be  oberved  that  the  relation  A  and 
B  make  the  irregularities  appear  far  more  conspicuous  than  the  rela- 
tion C.  The  latter  is  the  one  most  commonly  used  in  reports  on  car- 
buretor tests,  which  is  rather  peculiar,  since  it  does  not  give  to  the 
eye  a  striking  picture  of  one  of  the  main  characteristics  of  the  car- 
buretor, namely,  proportionality,  and  tends  to  obscure  its  variations. 

Constancy  of  proportion  of  gasoline  to  air  will  in  each  case  be  rejj- 
resented  by  straight  lines,  these  being  in  the  relations  A  and  B  hori- 
zontal lines,  and  m  C  inclined  and  passing  through  the  origin.  The 
relation  C  has  the  advantage  that  its  curve  furnishes  the  best  means 
of  quickly  deducing  the  equation  representing  flow  of  air,  which  is 
important  when  the  performance  of  a  carburetor  is  to  be  investi- 
gated in  the  light  of  the  rational  or  empirical  flow  laws.  Itj  how- 
ever, does  not  convey  an  accurate  idea  of  the  fluctuation  in  the 
mixture  proportions,  since  naturally  a  very  much  smaller  scale  has 
to  be  adopted  for  the  gasoline  than  for  the  air.  In  this  report  the 
gasoline  scale  on  sheets  C  is  only  one-tenth  that  of  the  air  scale.  It 
must  also  be  remarked  that  in  all  the  reports  of  carburetor  tests  that 
have  been  found  in  the  literature  of  the  subject  present  curves  of  the 
relation  of  C  only,  and  individual  points  are  generally  suppressed  in 
favor  of  a  smooth  curve.  In  the  ught  of  these  new  test  results  this 
older  practice  seems  improper,  because  it  suppresses  the  very  facts 
that  should  form  the  basis  or  object  of  the  test. 

Each  carburetor  in  turn  is  described  briefly  and  its  test  results 
reported  in  curve  form  without  elaborate  discussion.  A  photograph 
of^the  instrument  and  a  sectional  or  phantom  view  of  its  construc- 
tion will  serve  to  identify  the  device,  full  description  of  which  may 
be  found  in  the  trade  literature  by  those  not  already  familiar  witn 
it  from  personal  observation  or  use. 

Carburetor  No.  i.— This  carburetor  has  a  fuel  needle  valve  con- 
trolled by  an  automatic  spring-loaded  secondary  air-inlet  valve  with 
a  fixed  primary  air  inlet  and  is  therefore  a  representative  qf  the  new 
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snbclass  18.5«  It  is  illustrated  in  figure  6,  and  the  results  of  the 
test  are  given  in  curve  form  in  figures  7,  8,  and  9,  which  repre- 
sent, resfi^ively,  the  relaticms  A,  B,  and  C.  Reference  to  the  curves 
A  on  figure  7  shows  that — 

(a)  The  mixture  gets  leaner  as  the  flow  rate  increases,  or  that  the 
fuel  increases  faster  than  the  air. 

(6)  Neglecting  the  idling  points  where  the  ratio  of  air  to  fuel  is 
about  9,  Sie  ratio  varies  from  10.8  to  18,1  over  the  working  range 
between  2  and  9  pounds  of  mixture  per  minute  approximately,  which 
is  24  per  cent  on  the  mean  ratio  of  11.7. 

(c)  For  a  given  flow  rate  the  mixture  is  not  the  same  for  different 
tests  as  shown  by  the  disposition  of  points  on  a  given  vertical  line, 
but  in  general  this  variation  is  not  verv  laree. 

(d)  There  are  certain  irregularities  for  which  the  only  explanation 
that  can  be  found  is  irreguhtr  mechanical  action  or  sticking  of  the 
moving  parts,  the  automatic  valve,  the  fuel  needle  valve,  or  Tost  mo- 
tion in  the  linkage. 

Beference  to  me  curve  sheet  B,  figure  8,  indicates  that  on  idling 
th^  pressure  drop  through  the  carburetor,  which  is,  of  course,  the 
vacuum  in  the  intake  manifold,  varied  from  11.5  to  14.5  inches  of 
mercury,  and  over  the  working  range  noted  above  from  0.8  to  9.7 
inches  of  mercury.  Finally,  reference  to  figure  9,  the  plot  of  rela- 
tions C,  giving  the  fuel  weight  with  reference  to  air  weight,  shows 
far  less  clearly  the  variations  in  proportion  that  really  exist  than 
does  figure  7,  the  plot  of  relations  A,  which  gives  the  ratio*  of  air 
to  fuel  directly  as  a  function  of  mixture  flow  rate. 

The  curves  could  have  been  made  to  change  in  shape  or  curvature 
by  a  change  of  spring  or  spring  tension,  but  there  is  no  indicaticm 
that  a  straight  line  would  result  or  that  the  irr^ularities  would  dis- 
appear. 

Observations  of  the  level  in  the  float  chamber  showed  that  it  varied 
0.55  inch  over  the  flow  range,  which  is  large  in  proportion  to  the 
height  of  the  fuel  nozzle  above  the  mean  level  and  must  account  for 
some  of  the  variations. 

Carburetor  No.  2  (fig.  10). — ^In  the  carburetor  the  fuel  needle  valve 
is  throttle  controlled  by  a  link  connection,  and  air  enters  partly 
through  a  fixed  primary  and  partly  through  an  automatic  spring- 
loaded  valved  secondary  inlet,  so  that  it  may  be  regarded  as  an  ex- 
ample of  the  new  subclass  13.4.  An  interesting  comparison  becomes 
possible  between  the  results  of  this  and  those  of  carburetor  No.  1,  be- 
cause the  two  devices  are,  in  general,  similar  in  all  respects  except  for 
the  needle- valve  control,  which  is  here  throttle  actuated  and  in  the  pre- 
vious case  moved  by  the  automatic  secondary  air  valve.  It  has  already 
been  pointed  out  that  the  throttle  position  is  not  a  prime  variable  in 
flow  while  automatic  air- valve  movement  may  be  and  is  so,  the  more 
nearly  it  controls  all  the  air  and  the  more  nearly  constant  its  spring 
tension.  This  being  the  case,  more  variation  from  constancy  would 
be  expected  in  this  carburetor  than  in  the  last  one  for  variation  of 
flow  rates,  due  to  changes  of  engine  speed  with  a  fixed  throttle.^  With 
such  a  fixed  throttle  any  changes  in  flow  rate  act  on  proportions  in 
just  the  same  way  as  would  be  the  case  with  a  fixed^  ruel  inlet  asso- 
ciated with  fiixed  primary  and  automatic  secondary  air  inlets.  If  the 
compensation  for  such  a  combination  were  adequate,  there  would  be 
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no  object  in  adding  the  second  compensator,  which  is  out  of  action 
when  the  throttle  is  fixed. 

Reference  to  the  curves  of  air  to  fuel  ratio  with  respect  to  mixture 
flow  rate,  the  A  relation  given  in  figure  11  leads  to  the  following 
conclusions: 

(a)  The  proportioniS  vary  widely  in  passing  from  one  throttle 
position  to  another  for  a  given  flow  rate  along  a  vertical  line.  For 
example,  at  a  mixture  flow  rate  of  7  pounds  per  minute  the  air  to 
fuel  ratio  varies  from  15.4  to  about  29,  nearly  100  per  cent  in  passing 
from  No.  2  to  No.  5  throttle  position.  While  manual  adjustment  ox 
the  cam  connection  between  needle  and  throttle  may  be  relied  upon  to 
reduce  this,  there  is  no  reason  to  believe  that  the  difference  can  ever 
be  reduced  to  zero.  ^ 

(6)  The  proportions  vary  also  over  a  very  wide  ran^e  with  any 
fixed  throttle  position  as  the  flow  rate  changes  with  engme  speed  as 
is  clear  from  the  rising  trend  of  all  the  curves.  For  example,  the 
ratio  for  throttle  position  No.  5,  and  flow  rate  2.5  pounds  per  min- 
ute is  about  14.5,  which  increases  to  29  for  a  flow  rate  of  f  pounds 
per  minutes  with  the  same  throttle  position.  This  is  exactly  double, 
or  100  per  cent  of  the  lower  value  and  67  per  cent  of  the  mean  ratio 
of  21.75.  Hand  adjustment  of  the  automatic  air-valve  spring  tension 
will,  of  course,  tend  to  flatten  these  curves,  but  it  is  not  likely  that 
they  can  by  this  means  ever  be  brought  to  horizontal  lines. 

(c)  The  curves  are  all  smooth  and  the  irregularity  noted  for  car- 
buretor No.  1  is  absent,  which  confirms  the  opinion  that  these  irregu- 
larities were  due  to  sticking  or  lost  motion  of  the  air  valve  or  its 
curvatures.  In  the  present  case  the  air  valve  is  free  and  the  needle 
linkage  is  positively  actuated  by  the  manual  movement  of  the  throttle, 
Eeference  to  the  pressure  drop  curves  (fig.  12)  will  give  the  pre^ure 
drop  or  header  vacuum  corresponding  to  the  several  flow-rate  and 
throttle-position  points  or  the  proportions  corresponding  to  them. 
As  in  the  previous  case  the  direct  relation  of  fuel  to  air  weights  of 
fiffure  13  clearly  fails  to  bring  out  the  departures  from  constancy 
of  proportion  as  well  as  the  curve  of  ratio  with  respect  to  rate  of 
flow.    (Fiff.  11.} 

The  level  in  tne  float  chamber  varied  by  not  more  than  0.1  inch  tor 
all  flow  rates,  a  negligible  quantity  when  compared  with  the  suction 
produced  by  the  air  flow.    (See  fig.  13.) 

Carburetor  No.  S  {-fig,  H). — ^In  this  carburetor,  which  has  a  single 
air  inlet  only,  a  vertical  cylindrical  plunger,  with  its  axis  normal  to 
the  center  line  of  the  horizontal  air  passage,  tends,  by  gravity,  to 
choke  the  air.  This  is  counteracted  by  the  pressure  on  the  upper  side 
of  the  plunger,  which — due  to  a  small  connecting  passage — ^is  identi- 
cal with  the  pressure  of  the  air  or  mixture  after  it  has  been  throttled 
by  the  plunger.  The  plunger  carries  at  its  lower  end  the  fuel  meter- 
ing pin,  a  cylindrical  rod  with  a  tapering  groove  cut  into  it.  The 
metering  pin  dips  into  the  cylindrical  fuel  aspirating  tube,  the  end 
of  which  extends  into  the  air  passage,  and^  which  may  be  shifted 
up  and  down,  thus  providing  for  a  hand  adjustment. 

The  carburetor,  therefore,  belongs  to  new  subclass  12.5. 

Figures  15  and  16  show  the  air-gasoline  ratio  versus  flow  rate 
for  nve  different  throttle  positions,  figure  15  for  62.6*^  B.  gasoline. 
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and  figure  16  for  75°  B.  gasoline,  or  sheets  A  and  A^,  respectively. 
An  inspection  of  these  curves  gives  the  following  results : 

(a)  From  A,  as  well  as  Aj,  it  is  seen  that  the  maximum  capacity 
of  the  carburetor  should  be  taken  as  slightly  more  than  8.2  pounds  of 
mixture  per  minute.  This  evidently  represents  the  point  where  the 
plunger  has  risen  as  far  as  it  can,  and  therefore  ceases  to  regulate, 
and  the  carburetor  becomes  a  fixed  fuel-flow  area,  fixed  air-flow 
area  instrument.  Consequently  the  mixture  tends  to  become  richer. 
Points  beyond  8.2  pounds  per  minute  of  mixture  will  therefore  not  be 
considered. 

(&)  On  A  points  of  group  No.  2  to  represent  the  idling  position  of 
the  throttle.  Evidently  the  aspirating  effect  at  the  mouth  of  the 
nozzle  is  insufficient  at  such  for  flow  rates.  It  is  a  general  practice 
to  use  a  very  rich  mixture  when  idling,  but  the  carburetor  shows  just 
the  opposite,  a  very  much  leaner  mixture  than  for  higher  flow  rates. 

(c)  Leaving  out  the  idling  position,  the  mixture  on  both  A  and 
Aj  is  seen  to  become  gradually  leaner  as  the  flow  increases,  and  the 
air-gasoline  ratio  increases  on  A,  from  an  average  of  about  14.5  to 
about  15.9,  on  A^  from  about  14.6  to  approximately  16.2.  This  cor- 
responds to  mean  values  of  15.2  and  15.4,  respectively,  or  the  total 
variation  in  average  ratios  amoimts  to  9.2  per  cent  and  10.4  per  cent, 
respectively,  of  the  mean  ratios. 

(d)  The  discussion  under  (&)  referred  to  average  ratios.  If,  how- 
ever, extreme  values,  low  and  high,  are  taken,  A  ^ows  a  range  from 
13.4  to  16.4,  leaving  out  idling  positions,  and  on  Aj  from  10.6  to  16.8. 
True,  this  large  variation  is  due  to  a  few  erratic  readings,  but  there 
is  no  apparent  reason  why  these  readings  should  be  thrown  out. 
They  are  evidently  due  to  the  sticking  of  the  plunger. 

{e)  The  gradual  increase  in  the  air-gasoline  ratio,  as  the  flow  in- 
creases, could  be  corrected  by  a  change  in  the  contours  of  either  the 
tapering  groove  in  the  metering  pin,  or  of  the  V-shaped  bottom  of 
the  plunger,  if  the  curves  are  to  be  flattened  out. 

Curve  sheet  B  (fig.  17)  will  be  discussed,  in  conjunction  with  the 
B  curves  of  all  the  other  carburetors,  at  the  end  of  the  test  report. 

Figure  18  again  proves  that  this  method  of  representation  fails 
to  give  to  the  eye  a  true  picture  of  the  irre^larities  of  the  operation, 
although  it  shows  the  nature  of  the  equation  representing  the  rela- 
tion between  air  flow  and  fuel  flow. 

The  variation  in  the  float-chamber  level  was  less  than  0.1  inch, 
i.  e.,  negligible. 

Carburetor  No.  4  ififf'  ^)» — ^^  this  carburetor  the  attempt  is 
made  by  combining  two  carburetors  one  of  which  has  a  rising  ratio 
versus  now  curve  and  one  with  a  drooping  curve,  so  as  by  the  simul- 
taneous action  to  produce  a  horizontal  ratio  versus  flow  curve,  i.  e., 
a  mixture  of  constant  proportions.  Or  by  accentuating  the  action 
of  one  component  as  compared  with  the  other  any  desired  tendency 
might  theoretically  be  produced. 

The  carburetor  has  no  moving  parts  whatever  and  adjustments 
of  the  mixture  can  only  be  made  by  exchanging  nozzles  or  Venturi 
sections,  excepting  the  idling  device,  which  is  independent  of  the 
rest  of  the  carburetor  and  capable  of  adjustment. 

A  single  air  inlet  is  provided  and  two  fixed  fuel  nozzles;  the  flow 
through  one  of  the  latter  is  controlled  by  the  vacuum  at  its  mouth, 
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while  the  flow  through  the  other  is  limited  by  the  amount  which  maj 
pass  into  a  well  open  to  the  atmosphere  under  a  constant  head.  T^ 
arrangement  i>laces  the  carburetor  into  the  new  class  6.5. 

When  examining  the  results  it  should  be  noted  that  the  carburetor 
is  somewhat  smaller  than  the  rest  of  the  instruments,  as  the  list  at 
the  beginning  of  the  test  report  showa  In  this  connecticm  it  may 
be  remarked  that  the  sizes  li  inches,  1^  inches,  etc.,  as  given  in  manu- 
facturers' catalogues,  do  not  accurately  define  the  actual  diameter 
of  the  discharge  passage.  Sometimes  the  actual  diameter  is  less,  in 
other  cases  it  is  greater  than  the  list  size,  a  custcHu  which  seems  very 
unnecessary. 

The  results  are  plotted  on  figures  21-25,  and  figures  21  and  22 
suggest  the  following  conmients: 

{a)  The  action  of  the  separate  idling  device  is  plainly  seen  in  fig- 
ure 21,  where  the  points  of  group  2  represent  this  throttle  position. 
Naturally  these  pomts  could  have  been  shifted  downward,  i.  e.,  the 
mixture  could  have  been  made  richer  by  adjusting  screw  O,  figure 
455.  The  variation  in  mixture  proportions  during  idling  is,  how- 
ever, considerable,  between  18.4  and  20.7.  This,  or  course,  is  not  as 
important  as  the  regulation  for  higher  flow  ratea 

In  figure  22,  group  2,  the  throttle  has  been  opened  a  little  more 
than  in  test  with  the  heavier  gasoline  and  the  main  jets  have  be^un 
to  operate.  Still  the  variation  in  the  proportions  is  very  large,  oe- 
tween  13  and  15.5  in  figure  22  (group  2)  and  between  13.8  and  16.9 
in  figure  456  (group  3). 

(o)  As  the  Qirottle  is  further  opened,  groups  4,  5,  and  full,  the 
action  becomes  more  regular.  Conditions  in  the  two  tests  agree 
quite  closely.  In  each  case  the  mixture  ^adually  becomes  leaner 
until  a  flow  rate  of  about  4  pounds  per  mmute  is  established.  Be- 
tween 4  pounds  and  7  pounds  the  average  remains  constant  at  about 
16.4  in  each  case,  and  Y  pounds  of  mixture  per  minute  would  seem 
to  be  the  upper  limit  of  the  working  range.  At  higher  flow  rates 
the  mixture  again  becomes  richer. 

(c)  The  variation  in  mixture  proportions  for  the  same  flow  rate 
but  different  throttle  positions  is  not  large,  comparatively,  at  least, 
except  for  the  lower  range  of  flow  rates,  i.  e^  below  about  2.5  pounds 
of  mixture  per  minute.  For  example,  on  figure  22,  between  4  and 
7  pounds'  flow,  the  maximum  variation  is  only  0.7  for  an  average 
ratio  of  about  16.3,  corresponding  to  4.3  per  cent. 

(d)  If,  however,  the  intention  is  to  have  a  constant  ratio  through 
the  whole  working  ran^e,  then  the  results  must  be  looked  at  in  a 
different  manner.  Leaving  out  group  2  in  figure  456,  the  ratio  in 
figure  21  ranges  from  18.8  to  16.9  and  in  figure  22  from  13  to  16.7. 

(e)  The  t^  results  for  this  carburetor  are  of  especial  interest, 
since  it  is  the  only  carburetor  tested  which  has  no  moving  parts,  de- 
signed to  regulate  the  proportion  by  their  automatic  operation,  ex- 
cepting carburetor  No.  10,  which  has  to  be  discussed  by  itself.  Now, 
comparing  all  sheets  marked  ^^A"  it  will  be  plainly  seen  that  No.  4 
carburetor  shows  some  irr^^larities  and  erratic  tendencies,  especially 
in  the  lower  flow  ranges,  but  nothing  like  some  of  the  instruments, 
and  none  of  them  can  be  said  to  excel  No.  4  in  this  respect.  This 
again  tends  to  substantiate  the  claim  that  those  gross  irregularities 
are  due  to  sticking  and  binding  of  the  moving  parts.    That  at  low- 
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Fio.  20.— Carburetor  No.  4. 
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flow  rates  all  of  the  carburetors  exhibit  erratic  tendencies  is  not  sur- 
prising at  all,  since  it  is  well  known  from  hydraulics  that  flow  through 
orifices  under  low  heads  is  apt  to  be  erratic. 

(/)  As  mentioned  before,  the  curves  could  be  chan^d  in  character 
by  substituting  a  compensating  nozzle  of  a  different  size,  but  whether 
tne  average  ratio  could  be  thereby  made  constant  over  a  larger  range 
of  flow  rate  is  questionable,  since  for  low-flow  rates  the  atmospheric 
well  must  be  partly  filled  with  fuel,  so  that  the  discharge  is  not  con- 
stant. A  peculiar  "hysteresis ''  action  is  claimed  by  the  makers  for 
this  intermediate  state  of  affairs,  but  this  can  not  be  discussed  here. 

Sheet  B,  figure  23,  will  be  discussed  later. 

Figures  24  and  25  show  very  plainly  the  general  tendency  of  the 
variation  in  air-gasoline  ratio,  but  nothmg  more. 

The  gasoline  level  in  the  float  chamber  varied  as  much  as  0.45  inch 
between  no  flow  and  maximum  flow  (see  log  sheets,  pp.  606  and  507) , 
which  seems  unduly  high,  but  this  large  drop  took  place  only  at  the 
highest  flow  rates  where,  according  to  figure  54,  the  suction  at  the 
mouth  of  the  nozzle  rises  as  high  as  64  inches  of  water,  equal  to  about 
87  inches  of  gasoline,  so  that  the  percentage  of  the  total  flow  head  is 
small. 

Carburetor  No.  6  {-fig.  26) . — ^The  carburetor  is  similar  in  principle 
to  No.  3  and  belong  to  the  same  class,  new  class  12.5.  In  this  case, 
however,  the  metermg  device  consists  oi  a  guided  poppet  valve  ^'  float- 
ing" in  the  currents  of  air,  all  of  which  enters  through  a  single  inlet. 
The  tapered  metering  pin  is  stationary  and  the  aspirating  tube  rises 
and  falls  with  the  metering  valve,  being  located  in  the  core  of  the 
latter.  An  important  distinction,  as  compared  with  No.  8,  is  that 
the  whole  metering  pin  and  the  surrounding  part  of  the  aspirating 
tube  are  wholly  immersed  in  the  fuel,  so  that  a  submerged  orifice  de- 
termines the  quantity  of  fuel.  The  metering  pin  may  1^  adjusted  up 
and  down  by  hand  until  the  desired  mixture  is  obtained.  A  dash- 
pot  plunger  at  the  lower  end  of  the  metering  valve  stem  is  immersed 
m  the  fuel. 

Since  at  low-flow  rates  the  metering  valve  does  not  lift  from  its 
seat,  small  air  passages  are  provided  in  the  body  of  the  valve,  as 
figure  461  plainly  shows,  and  these  passages,  leading  past  the  mouth 
of  the  aspirating  tube,  provide  the  mixture  for  rimning  the  engine 
imtil  the  suction  is  sufficient  to  lift  the  valve. 

The  results  are  plotted  in  figures  27-81,  and  suggest  the  following 
comments: 

{a)  On  both  figures  27  and  28  the  conditions  during  idling  are 
represented  by  groups  2  in  the  lower  left-hand  comers.  The  mixture 
is  rich,  as  is  generally  demanded,  and  it  varies  between  wide  limits,  as 
in  the  case  in  all  carburetors  having  a  separate  idling  arrangement. 

(6)  In  both  tests  the  general  tendency  is  for  the  mixture  to  become 
leaner,  until  the  air-gasoline  ratio  reaches  a  maximum  between  8  and 
4  pounds  per  minute.  The  mixture  then  slowly  becomes  richer,  until 
at  about  8.5  pounds  per  minute,  when  the  gasoline  begins  to  increase 
much  faster  than  the  air.  This  is  probably  the  point  where  the  meter- 
ing valve  gives  maximum  port  opening  so  that  the  air  inlet  becomes 
fixed. 

{c)  The  mean  mixture  for  different  throttle  positions  between 
about  16  and  19  on  A^  and  14.8  and  18  on  Aj,  but  there  are  some  enor- 
mous variations  for  the  same  flow  rate  at  different  throttle  positions. 
Thus,  in  figure  28,  at  1.5  pounds  flow,  the  ratios  are  12.2,  18.2,  and 
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Fio.  26.— Carburetor  No.  6. 
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0.17  for  throttle  positions  4,  8,  and  5,  respectively.  This  oorreqxmds 
to  a  total  variation  of  4.8,  or  34  per  cent^  referred  to  the  mean,  14.1. 

At  7  pounds  flow,  on  the  other  hand,  m  the  same  test,  the  variation 
for  three  throttle  positions  is  only  0.75  for  a  mean  value  of  16.3,  or 
4.6  per  cent.  Only  the  irregular  action  of  the  metering  valve,  due  to 
stickingand  sluggishness,  can  account  for  such  discrepancies. 

(d)  Whether  the  general  tendency  of  all  curves,  especially  the 
gradual  enriching  of  the  mixture  with  increase  in  flow,  is  desirable 
m  a  carburetor  need  not  be  discussed  here.  A  modification  of  the 
outlines  of  the  metering  valve  would  evidently  change  the  character- 
istics of  the  ratio  versus  flow  curve,  at  least  as  far  as  the  part  to  the 
right  of  the  peak  is  concerned. 

Sheets  Ci  and  Cj»,  figures  30  and  81,  very  clearly  and  much  better 
than  A^  and  A,,  show  the  effect  of  the  fuel  density  on  mixture  pro- 
portions.   More  about  this  will  be  said  later. 

The  level  in  the  float  chamber  remained  practically  constant  u.nder 
all  conditions,  a  maximum  variation  of  0.1  mch  being  negligible. 

Carburetor  No.  6  {fig.  32). — ^As  may  be  seen  in  the  cross  section, 
this  carburetor  has  three  air  inlets,  one  constant  and  the  other  two 
provided  with  spring-loaded  automatic  valves.  The  latter  two  are 
interconnected  by  linkwork,  and  one  of  them  operates  a  tapered 
metering  pin  for  gasoline.  Another  spray  nozzle  is  in  the  constant 
air  opening  and  is  the  only  one  in  operation  until  the  automatic  air 
valves  begm  to  open.  A  dashpot  piston  submerged  in  gasoline 
dampens  the  motion  of  the  automatic  air  valves.  Adjustments  for 
both  spray  nozzles  are  provided.  Thus  the  carburetor  is  seen  to 
belong  to  new  class  14.1. 

Inspection  of  curve  sheet  C^,  figure  85,  demonstrates  that  the 
carburetor  was  adjusted  for  the  test  so  as  to  give  constant  average 
proportions,  since  means  values  are  on  a  ^raight  line  passing 
through  the  origin,  excepting  for  higher  flow  rates,  beginning  with 
about  4  pounds  per  minute,  where  the  mixture  begins  to  become 
slightly  leaner.  Whether  the  average  ratio  could  have  been  made 
constant  for  the  whole  range  of  flow  rates  by  means  of  the  "  hi^- 
speed  "  adjustment  can  not  oe  stated  with  certainty. 

Sheets  A  and  B,  figures  33  and  84,  however,  show  that  while 
the  general  tendency  was  to  produce  constant  proportions  the  ratio 
actually  varied  between  very  wide  limits.  Whether  it  is  mechani- 
cally possible  to  obtain  perfectly  free  motion  with  so  many  moving 
parts  and  joints  remains  to  be  proven.  In  the  absence  of  any  other 
satisfactory  explanation  the  test  results  would  seem  to  indicate  that 
it  is  not  possible.  This  conclusion  receives  confirmation  frcnn  the 
results  of  the  tests  for  pressure  at  the  mouth  of  the  spray  nozzle. 
If  these  results  are  plotted  to  a  lai^er  scale  than  the  one  used  in 
figure  56,  or  if  the  log  on  Table  IX  is  carefully  examined,  it  is 
plainly  seen  that  the  suction  increases  more  or  less  irregularly  with 
the  air  flow,  thus  accounting  for  the  variations  in  the  gasohne-air 
ratio.  When  the  air-gasoline  ratio  fluctuates  in  the  extraordinary 
manner  exhibited  in  figure  88,  with  a  range  extending  from  11.9 
to  17.2,  it  does  not  seem  to  be  worth  while  to  discuss  mean  values,  as 
long  as  it  is  not  shown  that  the  excessive  variation  is  not  unavoidable 
with  such  elaborate  mechanism. 

The  variations  of  the  level  in  the  float  chamber  were  negligible, 
0.15  inch  being  the  maximum  depression. 
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FiQ.  32.— Carburetor  No.  6. 
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Carburetor  No,  7  Uig.  36). — ^In  this  carburetor,  which  has  a  fixed 
primary  air  inlet  and  a  single-spray  nozzle,  hand  adjusted  by  means 
of  a  needle  valve,  the  auxiliary  air  enters  through  ports  which  are 
kept  closed  by  bronze  balls,  until  the  suction  is  sufficient  to  raise 
them  from  their  seats.  After  that  the  balls  are  kept  floating  in  the 
air  by  the  air  flow,  thus  taking  the  place  of  springs  such  as  used  in 
the  original  Krebs  type  carburetors,  but  having  the  advantage  over 
springs  that  the  load  never  varies.  This  construction  places  ttie  car- 
buretor in  new  class  8.2. 

Comments  on  results: 

(a)  According  to  the  curves  on  figures  87-41,  the  compensat- 
ing balls  evidently  do  not  begin  to  operate,  at  least  not  eflfectively, 
until,  for  this  size  carburetor,  about  4  pounds  of  mixture  per  min- 
ute pass  through.  After  this  point  has  been  reached  the  mixture 
maintains  constant  proportions,  if  mean  values  are  taken,  i.  e.,  the 
curves  representing  mean  values  in  figures  37  and  38  are  horizontal 
lines,  and  in  figures  40  and  41  straight  inclined  lines  passing  through 
the  origin.  The  range,  however,  within  which  all  the  points  are  con- 
fined is  between  7  and  10  per  cent  of  the  mean,  in  some  places  less. 

(b)  There  must  be  a  point  where  the  balls  cease  to  compensate, 
but  the  curves  show  hardly  ahy  falling  off  of  the  air-gasoline  ratio. 

(c)  The  suction  at  the  outlet  of  the  fuel  nozzle  does  not  increase 
with  the  flow  in  an  absolutely  regular  manner  as  the  curve  on  figure 

55  and  the  log  in  Table  X  prove.  This,  of  course,  accounts  for 
fluctuations  in  the  mixture  ratio.  The  only  plausible  explanation 
would  seem  to  be  that  the  balls  (there  are  five  of  them)  which  are 
naturally  not  guided,  do  not  act  with  absolute  positiveness,  although 
they  have,  of  course,  the  advantage  of  total  absence  of  friction. 

(d)  As  in  other  carburetors  there  is  an  enormous  variation  in  the 
mixture  proportions  at  low-flow  rates,  and  especially  when  the  low- 
flow  rate  is  due  to  the  partial  closing  of  the  throttle  rather  t^an  low 
engine  speed.  In  this  connection  see  groups  3  in  figure  37  and 
groups  3  and  4  in  figure  38.  In  the  latter  case  for  instance  (group 
4)  the  mixture  flow  increases  from  2  to  3.6  pounds  only,  but  the  ratio 
increases  proportionally  to  the  flow  from  9.1  to  14*2,  an  increase  of 

56  per  cent.  Group  4  represents  an  almost  closed  throttle  position, 
and  as  the  log  readings  No.  328  to  334  show,  the  pressure  drop  across 
the  carburetor  increased  from  2.6  to  12.4  inches  of  mercury.  These 
conditions  would  be  reproduced  by  an  automobile  running  on  a 
smooth  road  offering  little  resistance  and  with  varying  degrees  of 
down  grade.  In  an  aeroplane  engine  the  higher  flow  rates  would 
hardly  ever  be  reproduced.  The  results  show  that  under  such  condi- 
tions every  carburetor  tested  fails  to  maintain  even  approximately, 
constant  mixture  proportions,  and  that  in  every  case  the  air  to  gaso- 
line ratio  increases  more  or  less  rapidly  with  the  flow.  Since  at  the 
same  time  the  suction  in  the  inlet  manifold  increases,  the  mixture 
should,  if  anything,  become  richer  to  allow  for  valve-stem  leakage 
and  decreased  compression  in  the  cylinder. 

{e)  The  variation  of  the  float  chamber  level  was  negligible  with  a 
maximum  depression  of  0.1  inch. 
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Fio.  36.— Carburetor  No.  7. 
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Carbv/retor  No.  8  {fia.  Ji£), — ^The  principal  features  of  this  car- 
buretor are  a  vertical  plunger  fitting  in  a  cylinder,  the  upper  side  of 
which  forms  a  dash  port,  air  openings  being  uncovered  as  the  plunger 
rises,  and  a  tapered  fuel  metering  pm  rigidly  attached  to  the  hollow 
plunger,  and  dipping  into  the  stationary  aspirating  tube.  The 
plunger  is  "  floating  "  m  the  current  of  air,  which  results  in  a  practi- 
cally constant  vacuum  in  the  mixing  chamber  surrounding  the  plunger. 
The  test  results  substantiate  the  manufacturer's  claim  of  a  ^^  constant 
vacuum  carburetor."  As  figure  56  and  Table  X  prove,  the  greatest 
difference  in  suction  at  the  mouth  of  the  fuel  nozzle  between  minimum 
and  maximum  flow  rates  is  only  0.8  inch  of  water.  The  carburets 
belongs  in  new  class  12.7,  and  the  principal  difference  between  it  and 
No.  3  and  No.  5  is  that  in  No.  6  the  whole  metering  pin  is  submerged 
in  the  fuel,  and  in  No.  3  the  point  where  the  metering  pin  emerges 
from  the  aspirating  tube  is  in  the  current  of  air,  while  m  No.  8  the 
latter  point  is  surrounded  by  air,  but  this  air  is  dead  air,  so  to  speak, 
away  from  the  air  current,  more  or  less  saturated  with  fuel.  The 
feature,  however,  which  puts  this  in  a  class  distinct  from  No.  3  and 
No.  6  is  that  the  top  of  the  air-tight  float  chamber  is  connected  by  a 
small  tube  to  the  mixing  chamber.  The  vacuum  thus  produced  on 
top  of  the  fuel,  however,  may  be  varied  by  means  of  a  hand  regulated 
air  valve  which  allows  more  or  less  air  to  leak  in,  thus  partially 
destroying  the  vacuum  and  regulating  the  fuel  flow.  By  means  of 
an  adjustable  collar  supporting  the  plunger  when  at  rest,  the  opening 
of  the  fuel  ports  is  given  a  "  lead  "  with  respect  to  the  air  ports  which 
results  in  a  richer  mixture  for  idling. 

Discussion  of  results  (see  figs.  43, 44,  45) : 

(a)  The  effect  of  the  idling  arrangement  above  described  is  plainly 
seen  in  figure  43  where  the  points  of  group  2  represent  the  idling 
position. 

(&)  Figures  43  and  45  show  that  the  mixture  gradually  becomes 
leaner  as  the  flow  increases,  up  to  about  8  poimds  per  minute  mixture 
flow.  At  this  point  apparently  the  plunger  has  reached  the  limit  of 
its  travel,  and  the  carburetor  biecomes  a  &ed  air-inlet  fixed  fuel-inlet 
carburetor  which  accounts  for  the  mixture  becoming  richer.  Eight 
pounds  represents,  therefore,  the  limit  of  the  working  range  unless  a 
richer  mixture  is  desired  at  extreme  engine  speeds  in  order  to  obtain 
maximum  power  for  racing  or  whenever  maximum  engine  power  is 
desired. 

(c)  Between  2  and  8  pounds  per  minute  mixture  flow,  the  air-fuel 
ratio  increases  from  12  to  16,  an  increase  of  33  per  cent,  or  a  variation 
of  28.6  per  cent  referred  to  a  mean  ratio  of  14.  This  general  tendency 
can,  in  the  case  of  this  carburetor,  be  changed  only  by  substituting  a 
metering  pin  of  different  contours. 

(d)  If  one  were  to  omit  about  six  erratic  readings^  the  results 
would  be  very  good,  even  excellent,  as  far  as  constancy  of  proportions 
for  any  one  rate  or  flow  at  different  throttle  positions  is  concerned. 
What  right  anyone  has,  however,  to  omit  inconvenient  readings  is 
not  evident,  as  long  as  no  experimental  error  can  be  shown.  Again 
occasional  binding  of  the  plunger  is  the  only  plausible  explanation. 
The  special  test  plotted  in  figure  56  does  not  give  any  indication  of 
irregularities  in  the  plunger  action,  but  that  can  not  be  considered  as 
condusive  unless  a  great  many  readings  were  taken. 
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Fio.  42.— Carburetor  No.  8. 
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(e)  Since  this  is  a  carburetor  in  which  the  deflection  of  the  current, 
due  to  the  throttle  position,  can  not  possibly  have  any  effect  on  the 
ftiel  flow  (see  fig.  42),  and  since  the  great  differences  in  some  of  the 
other  carburetors  can  only  be  due  to  the  deflection  by  the  throttle,  the 
fact  that  the  ratios  for  different  throttle  positions  at  the  same  flow 
rate  a^e  quite  closely,  assumes  considerable  significance,  but  further 
investigations  are  required  before  this  question  can  be  conclusively 
settled. 

(/)  The  variations  in  float  chamber  level  were  practically  niL 

Carburetor  No.  9  (fg.  46). — ^This  carburetor  has  a  small  fixed 
area  Venturi  tube  for  tiie  air  inlet  with  a  fixed  area  fuel  spray  nozzle, 
the  flow  through  which  may  be  adjusted  by  hand  by  means  of  a  sub- 
merged needle  valve.  In  addition  it  has  a  fixed  area  spray  nozzle 
located  under  the  hinged  flap  of  a  spring  loaded  auxiliary  air  valve. 
The  secondary  nozzle,  therefore,  does  not  act  until  there  is  sufficient 
suction  to  open  the  auxiliary  air  valve.  This  arrangement  places 
the  carburetor  in  new  class  10.9. 

Discussion  of  test  results  (see  figs.  47,  48,  and  49). 

(a)  The  prints  of  group  2  (fig.  47)  represent  the  idling  position 
of  the  throttle,  and  again — ^the  same  as  in  other  carburetors — a  great 
variation  in  the  mixture  proportions  is  to  be  found.  «The  air-gaso- 
line ratio  increases  from  7.6  to  12.1. 

(b)  In  the  other  throttle  positions  a  distinct  break  occurs  at  a 
flow  rate  of  about  2  pounds  i)er  minute.  It  must  be  concluded  that 
this  represents  the  point  at  which  the  auxiliary  air  valve  and  the 
secondary  jet  begin  to  affect  the  mixture. 

(o)  The  air-gasoline  ratio  steadily  increases  at  a  uniform  rate 
from  about  10.5  at  2  pounds  flow  (fig.  47)  to  16.6  at  nearly  8  pounds 
flow,  but  between  l.f  pounds  and  2.1  pounds  it  increases  from  8.6 
to  10.5,  an  increase  or  22  per  cent  for  an  increase  in  flow  of  23.5 
per  cent,  while  between  2  and  8  pounds,  the  ratio  increases  58  per 
cent  for  an  increase  in  flow  of  400  per  cent.  A  change  in  sprmg 
tension  should  enable  the  operator  to  reduce  this  excessive  increase  in 
the  ratio,  but  the  location  of  the  secondary  nozzle  under  the  tip  of 
the  flap  valve  and  close  to  the  wall  produced  very  curious  and  erratic 
results  when  the  attempt  was  made  to  correct  the  adjustment.  Lack 
of  time  prevented  further  investigation,  but  there  is  no  doubt  that 
the  carburetor  as  furnished  could  not  be  adjusted  to  give  a  constant 
mixture  at  different  flow  rates,  even  for  a  single  throttle  position. 
What  effecte  the  substitution  of  another  spring  or  of  another  sec- 
ondary nozzle  or  the  shifting  of  the  point  of  the  latter  by  bendinff 
the  tube  mighty  produce,  would  be  idle  to  discuss  on  the  basis  of 
theoretical  consiaerations  only. 

(d)  With  the  exception  of  only  two  or  three  readings  the  car- 
bureter showed  no  irregular  tendencies,  and  the  ratio  vs.  flow  curves 
(fiff.  47)  are  fairly  smooth,  indicating  that  the  auxiliary  valve,  the 
only  moving  part,  worked  freeW. 

(e)  Regarding  constency  ot  proportions  for  anjr  one  flow  rate 
when  passing  from  one  throttle  positicm  to  another,  it  may  be  noted 
that  at  2  pounds  per  minute  flow  the  ratios  agree  within  4  per  cent 
of  the  mean,  at  4.5  pounds  within  about  7  per  cent,  and  at  7.5  pounds 
within  less  than  4  per  cent  of  the  mean  ratio.   These  differences  are 
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Fio.  46.— Carburetor  No.  9. 


Digitized  by 


Google 


Digitized  by 


Google 


ABB0NAUTI08. 


629 


^6^  Qasf/At* 


^7         if        S         /0        /f        /Z        /9       ^ 

/^     /O       /Z     ^9  ■     ■'ar      4^w     4gf      -r-r 

►-  »^ 

3^^ 

S^_      _ 

Iv^ 

<.        -        ^i^i^    - 

b                     ^^   \ 

^                      >^    ^ 

J                       ^C    - 

i!*-                     ^t    t 

1                           \    i^ 

^  -             I  xJx  - 

2                              -fe^^ 

^*                              S    S- 

V       ■               xl  Z 

il             -        -5^5 

^                      ^^^ 

^  o                                                       i_  •-. 

\ 

»i                      ^  ^"^ 

'4      - 

"^ 

:^^ 

^=>V      - 

N  — —                  — 

-5h- 

^^^5?!:2    yii^z 

^^^LEL      s^-^S 

-  s*t          ? 

LL     «  '  •  •  t 

_       ji&          1 

K   »                                     J. 

S^                                      K 

t    .    .     .R; 

^[■'  1  1  1  1  1  1  1  1  1  1  1  1  1 

1  1 1  1  M  1  1  1  1 1  1  1  '  N 

f/^.47. 


72805*— S.  Doc.  659, 64-2 84 


Digitized  by 


Google 


530 


ABBONATTHOa. 


! 


S. 9 ^       y      <'g  ,    /^      M      /S-    /6      /7      /B      /^     90     ^ 


f= 


r 


^: 


l^ 


^. 


f^ 


:^ 


s 


^ 


X 


:!^ 


i 


I 


^^ 


r. 


Fig.  48. 


?^ 


^ 


^ 


■->f 


: 


:^ 


Digitized  by 


Google 


ASBOHAUnCB. 


581 


Hj^           V          ^          >          t          S          ^ 

1 1 

•• 

:^         Z"^a. 

•^  •  -              *fc.^-. 

> 

^                       ^^              "^    ^ 

*  Jk                                                        ._       ,  _        _ 

^                          *^                           I 

s 

J 

^^t,                                    _,    _                          _ 

%          -                       ^* 

1                                    ^ 

^  -                             •                 ^ 

^*-                       -     -» 

■    1-                             ^ 

;f^5-S- 

?I1 

*             i^lr^-. 

—  t*.                  :iZ-S^ 

-                        tj 

5l 

*   I     -          "                                 5   - 

■g  - 

Fig.  49. 


Digitized  by 


Google 


532  AEBOKATJTICS. 

to  be  ascribed  to  the  disturbing  action  of  the  tiirottle  which  must 
be  quite  pronounced  in  the  case  of  this  carburetor.  (See  cross  section 
in  fiff.  46,) 

m  No  variation  in  the  float-diamber  level  could  be  obsei;ved. 

Varburetor  No.  10  {fig.  50). — ^In  this  carburetor  the  fuel  issues 
from  a  number  of  very  small  holes,  and  a  cylindrical  rotary  throt- 
tle with  suitably  shaped  ports  uncovers  the  fuel  openings  one  by 
one,  so  the  carbureter  may  be  said  to  consist  of  a  number  of  carbu- 
retors, each  with  a  fixed  air  inlet  and  a  fixed  fuel  inlet.  Thus  it 
comes  under  new  class  9.2.  An  adjustable  damper  plate  in  the  air 
passage  provides  hand  regulation  of  the  mixture. 

Discussion  of  results  (see  figs.  51,  52,  and  53) :  From  the  con- 
struction of  the  carburetor  one  would  expect  to  find  on  sheet  A  (fig. 
61)  five  quite  similar  curves,  sloping  gradually,  even  if  slightly  only, 
downward  as  the  flow  increases.  The  actual  results  as  shown  are 
disappointing  as  well  as  puzzling.  Beginning  with  a  closed  throttle, 
the  first  position  is  represented  by  No.  2,  the  next  by  No.  8,  and  then 
No.  4,  No.  5,  and  full  throttle  follow  in  the  order  given.  Leaving 
aside  positions  No.  2  and  No.  3  which  represent  very  small  flow  rat^ 
only,  and  which  show  enormous  variations  in  ratios,  between  13  and 
23  m  one  case  and  between  15.5  and  18.3  in  the  other,  as  was  expected 
from  the  experience  with  the  other  carburetors,  it  might  be  possible 
to  draw  curves  representing  mean  -values,  and  these  curves  would  be 
approximately  parallel,  and  slightly  sloping  downward,  but  the 
fluctuations  are  so  large,  with  the  exception  of  group  No.  5,  that  it 
seems  idle  to  speak  of  general  tendencies  in  mixture  variation.  It  is 
especially  striking  that  even  the  full  throttle  test  which  usually  fur- 
nishes the  most  regular  curves,  in  this  case  gives  very  erratic  results, 
with  successive  ratio  readings  of  19.1,  16.5,  19.4,  18.2, 15.8,  15.9,  15.9, 
15.6.  Of  course  if  the  19.4  and  the  18.2  reading  at  4.3  and  5.1  pounds, 
respectiveljr  were  lowered  to  about  16,  the  results  would  at  once  show 
a  most  radical  improvement,  but  there  is  no  justification  for  any  such 
procedure.  A  satisfactory  explanation  for  the  erratic  readings  given 
by  this  carburetor  does  not  suggest  itself^ 

The  depression  of  far  float  chamber  level  was  0.2  at  the  higher  flow 
rates,  not  sufficient  to  affect  the  flow  appreciably. 

Special  tests.— After  the  completion  of  the  regular  tests,  each  car- 
buretor was  subjected  to  a  special  test  the  object  of  which  was  to  as- 
certain the  vacuum  at  the  outlet  of  the  spray  nozzle  for  the  whole 
range  of  flow  rates.  For  this  purpose  the  connection  between  the 
spray  nozzle  and  the  float  chamber  was  plugged  with  plaster  of  Paris 
and  the  same  was  done  with  any  outlets  to  auxiliary  wells,  etc.,  so 
that  a  manometer  connected  to  the  gasoline  passage  leading  to  the 
spray  nozzle  would  read  the  actual  pressure  at  the  mouth,  i.  e..  the 
vacuum  which,  with  the  float  chamber  head  at  the  other  end  or  the 
fuel  column,  determines  the  flow.  The  throttle  was  kept  open  full 
for  these  tests  and  air  was  passed  through  the  carburetor  and  metered 
the  same  as  during  the  regular  tests. 

The  log  of  these  tests  appears  on  Tables  IX  and  X  and  curves 
plotted  from  these  readings,  on  figures  54-56. 

These  results,  together  with  the  readings  of  the  regular  tests,  may 
be  used  for  deducing  an  empirical  formma  for  the  flow  in  each  car- 
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buretor,  or  for  trying  such  f ormulse  as  have  been  proposed  for  this 
purpose  providing  that  the  exact  flow  area  for  each  flow  rate  is  de- 
termined which  is  not  an  easy  matter  especially  for  the  fuel  passa^, 
and  where  metering  pins  are  used.  The  air  flow,  however,  can  not  oe 
calculated  from  these  readings,  since  in  general  they  do  not  represent 
the  true  static  pressure  of  the  air,  and  of  course  when  air  enters 
through  auxiliary  valves,  even  the  true  pressure  at  the  primary  noz- 
zle would  not  be  of  any  use  by  itself. 

Tabus  IX-X. — Log  of  carburetor  testa,  Columbia  Univernty,  June  to  Avgiut,  19X6, 

CABBURBTOR  NO.  1. 
[Aug.  9,  mO;  KwBgfi  baroniBtflr,  S0.17  inohea.) 
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CARBURETOR  NO.  2. 
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CARBURETOR  NO.  3. 
[July  27, 1916;  average  barometer,  29.86  inches.] 
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Continued. 

CABBUBETOR  NO.  4. 
[Aug.  1, 1016;  av«ng»  bvooMfter,  ».96  tnolMk] 
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CARBUBETOB  NO.  6. 
[Aug.  3, 1916;  average  barometer,  80.17  bushes.! 
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CABBURETOB  NO.  6. 
[Aug.  8, 1916;  average  barometer,  39.94  inehes.S 
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CABBUBETOR  NO.  7. 
(July  37, 1816;  ayerage  barometer,  29.86  Inohes.) 
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Continued. 

CABBURBTOR  NO.  8. 
{Aug.  S,  1910;  average  barometer,  »M  fnehM.) 


Vcntori  meter. 

Prae- 

turi 
inlet, 
inchee 
water. 

I'Ounoa 

Bootlooat 
moDthof 

Indiee  water. 

Pneeora 
Inbox. 

Temper- 
ature at 
cerbi> 
retor 
inlet. 

^ 

BlM. 

Left. 

Bight. 

water. 

Berolii- 

78 

4.0 

LO 

0.3 

L8 

3.37 

7.8 

0 

86 

ss 

77 

&2 

&.0 

13.3 

3.8 

8.25 

7.3 

0 

85 

78 

14.  S 

11.5 

38.7 

5.4 

4.46 

7.4 

0 

85 

450 

79 

20il 

17.9 

88.0 

7.0 

5.30 

7.5 

0 

85 

560 

80 

7.1 

7.3 

14.4 

3.4 

6.06 

7.9 

0 

86 

800 

81 

&5 

9.0 

17.5 

3.8 

0.60 

&0 

0 

86 

900 

88 

9.0 

9.5 

1&6 

8.0 

0.80 

&0 

0 

87 

1,0«0 

.    88 

&5 

9.0 

17.5 

3.9 

6.60 

&1 

0 

87 

1300 

84 

9.7 

9.7 

1&9 

8.0 

6l00 

&1 

0 

87 

1060 

86 

9.0 

9.4 

18.4 

8.0 

6.80 

&1 

0 

88 

1400 

80 

9.0 

X6 

1&5 

8.0 

6.80 

&0 

0 

88 

CABBURBTOBNO.O. 
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CABBURBTOR  NO.  10. 
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As  has  been  repeatedly  pointed  out  in  the  discussion  of  the  indi- 
vidual tests,  in  some  cases  the  irregularities  in  the  variation  of  the 
mixture  ratio  with  flow  is  explained  by  the  irregularity  of  the  cor- 
responding pressure  readings,  which  in  turn  are  due  to  sticking  or 
binding  of  moving  parts. 

In  carburetors  Nos.  4  and  6  (see  fi^.  64)  the  curves  also  plainly 
show  the  points  where  the  compensating  arrangement  ceases  to  be 
effective. 

Carburetors  Nos.  6  and  8  are  intended  to  be  ^^  constant  vacuum " 
instruments,  and  the  curves  on  figures  54  and  56  confirm  it. 

No.  3  is  also  a  constant  vacuum  carburetor,  but  the  spray  nozzle  is 
directly  at  the  point  where  the  throttling  takes  place;  therefore  the 
curve  figure  55  shows  a  gradually  increasing  suction  with  a  maxi- 
mum of  8  inches  of  water. 
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Carburetors  Nos.  1,  2,  6,  and  9  have  spring-loaded  auxiliaiy  air 
valves  and  should  therefore  show  dmilar  relations  between  mixing 
chamber  vacuum  and  air  flow.  The  curves  show  that  all  four  have 
this  relation  expressed  by  a  straight  lin^e  of  the  equation  y=ax+bj 
where  y=vacuum,  aj=air  flow,  and  a  and  6  are  constants.  Naturally, 
if  the  curves  could  have  been  continued  to  the  left,  they  would  have 
curved  off  toward  the  origin,  but  the  straight-line  relation  holds  true 
for  aJl  except  the  lowest  flow  rates. 

In  the  case  of  No.  6  carburetor  separate  tests  were  made  for  the 
primary  and  secondary  nozzle  pressures,  and  the  two  curves  show 
plainly  how  the  suction  at  the  primary  nozzle  gives  the  same  results 
as  No&  1  and  2,  but  suction  at  the  secondary  nozzle  begins  to  develop 
only  when  the  flow  amounts  to  about  2  pounds  per  minute ;  after  that 
suction  increases  along  a  straight  line.  In  the  test  of  No.  9  car- 
buretor the  two  nozzles  were  not  separated.  This  explains  why  the 
curve  is  a  straight  line,  but  follows  tne  equation  y={K»— 6,  L  e.,  it  in- 
tersects the  zero  pressure  axis  to  the  right  of  the  origin. 

No.  7  (fig.  55)  also  should  ffive  the  same  characteristics,  since  in 
place  of  the  springs  it  has  the  constant  weight  balls.  The  curve 
shows  a  straight  line  only  up  to  about  4  pounds.  After  that  the  suc- 
tion increases  more  rapidly.  This  is  probably  due  to  the  fact  that 
in  this  case  the  pressure  read  on  the  manometer  is  the  pressure  at 
the  throat  of  the  Venturi  tube  rather  than  that  of  the  mixing 
chamber. 

The  two  remaining  carburetors,  Nos.  4  and  10,  should,  under  the 
test  conditions,  give  the  characteristic  curves  of  a  carburetor  wiih 
fixed  air  inlet  and  fixed  fuel  inlet.  The  actual  results  are  as  expected, 
only  the  curve  for  No.  10  (fig.  56)  is  improperly  plotted  as  a  straight 
line.  Actually  it  is  a  curve  similar  to  that  of  No.  4  (fig.  54), as  in- 
spection will  show. 

The  great  difference  in  the  practice  of  the  various  manufacturers 
with  respect  to  suction  at  the  spray  nozzle  deserves  mention.  Assume 
an  air  flow  of  7  pounds  per  minute,  a  flow  rate  which  is  certainly  well 
within  the  working  range  of  all  the  instruments.  At  this  flow  rate 
the  constent  vacuum  carburetors  have  vacua  of  2,  8,  and  15  inches 
of  water,  respectively,  while  the  others  show  9,  12,  21,  30,  32,  40,  and 
64  inches  of  water,  respectively. 

SUMMABT  OF  TEST  RESULTS. 

(1)  The  tests  performed  in  connection  with  this  investigation, 
as  has  been  explamed  before,  were  intended  only  to  demonstrate  the 
performance  of  modem  commercial  carburetors  as  metering  or  pro- 
portioning instrumente.  But  even  with  this  narrow  limitation  they 
are  not  complete ;  they  show  how  the  mixture  proportions  are  affected 
by  speed  at  fixed  throttle  and  also  by  throttle  position  when  the 
engine  is  running  at  perfectly  uniform  speed.  They  do  not  show 
the  effecte  of  a  sudden  change  in  the  flow  rate  or  of  a  change  in 
barometric  pressure  or  atmospheric  temperature.  Time,  unfortu- 
nately, was  not  available  for  these  extra  tests  nor  for  teste  showing 
the  effects  of  the  tilting  of  the  carburetor. 

(2)  While  the  method  adopted  for  testing  was  that  of  varying 
the  speed  and  flow  rate  at  each  of  a  series  of  fixed  throttle  positions 
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Fio.  60.— Carburetor  No.  10 
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and  the  proportionality  plotted  with  reiference  to  flow  rates,  one 
curve  for  each  such  throttle  position,  it  is  a  perfectly  simple  matter 
to  connect  the  curves  representing  different  throttle  positions  in 
any  manner  deored.  The  intersections  will  ffive  the  variation  in 
mixture  proportions  when  opening  or  closing  the  throttle. 

(8)  Inspection  of  these  curves  mmiediately  raises  the  question  of 
carburetor  capacity  rating  in  terms  of  flow  rate.  There  is  no  reason 
why  a  manufacturer  can  not  rate  a  carburetor  in  any  way  he  sees 
fit,  and  there  does  not  seem  to  exist  an  accepted  standard  of  capacity. 
One  report  of  a  carburetor  test  speaks  of  120  cubic  feet  per  minute 
as  the  rated  capacity  of  an  l^-inch  carburetor,  but  no  reason  is  given. 
In  the  light  ox  the  results  of  these  new  tests  100  cubic  feet  would 
seem  to  ^  nearer  the  mark  than  120,  since  in  several  cases  the  com- 
pensation begins  to  fail  at  about  8  pounds  of  mixture  per  minute. 
There  are  many  practical  reasons  for  a  reasonably  definite  and  uni- 
form relation  between  flow-rate  capacity  rating  and  connected  pipe 
size. 

(4)  The  importance  of  fixing  a  limit  to  the  variation  in  mixture 
proportions  that  is  permissible  or  advisable  is  also  made  clear.  This 
question  would  have  to  be  answered  before  the  performance  of  any 
carburetor  tested  could  be  classified  as  good  or  bad,  and  it  certainly 
should  be  known  to  any  prospective  user  or  desimer.  It  would  seem 
as  if  no  real  advancement  in  the  carburetor  field  could  be  achieved 
unless  and  until  the  various  functions  are  kept  strictly  separate.  It 
does  not  seem  right  to  feed  a  12-to-l  mixture  when  a  14-to-l  mixture 
furnishes  exactly  the  correct  amoimt  of  oxygen  for  combustion.  If 
the  14-to-l  mixture  does  not  give  as  good  results  in  a  given  engine 
as  the  12-to-l,  the  conclusion  must  te  that  there  are  present  some 
interfering  influences,  after  the  air  and  the  fuel  have  been  measured 
out.  In  tne  absence  of  proof  that  constant  proportionality  in  com- 
bining proportions  is  not  the  best  air-gas  ratio  for  mixtures,  the 
only  scientific  method  is  to  proportion  the  fuel  and  air  with  the  great- 
est possible  accuracy  and  keep  the  mixture  constant  instead  of  guess- 
ing at  the  answer  or  arbitrarily  making  the  mixture  "  a  little  richer  " 
or  leaner  than  it  was  before  some  operating  difficulty  was  encoun- 
tered. Then  the  next  step  would  be  to  ascertain  what  is  necessary 
so  that  this  chemicallj  perfect  and  constant  mixture  will  give  the 
best  results  in  the  engine. 

(5)  That  there  is  anything  but  uniformity  with  respect  to  mixture 
characteri^ics  of  existing  carburetors,  the  curves  demonstrate  better 
than  any  written  comment.  Not  even  the  geneiral  slope  of  the  curves 
is  the  same. 

(6)  The  pressure  drop  across  the  carburetor  is  synonymous  with 
the  manifold  vacuum  at  full  open  throttle,  hence  an  important  quan- 
tity, since  it  affects  directly  the  volumetric  efficiency,  compression 
pressure,  and  negative  work  on  the  engine.  For  the  same  flow  rate 
(about  7.2  poun(&  of  air  per  minute)  and  at  full  throttle  the  follow- 
ing pressure  drops  (in  in<5ies  of  mercuiy )  were  observed :  Carburetor 
No.  1,  2.8  inches;  No.  2,  2.6  inches;  No.  3,  1.5  inches;  No.  4^  2.8 
inches:  No.  5, 1.8  inches;  No.  6,  1.5  inches;  No.  7,  3.3  inches;  No.  8, 
1.2  inches;  No.  9,  8  inches;  No.  10,  2.2  inches.  These  figures  in  con- 
nection with  the  cross  section  of  the  carburetors  speak  for  themselves. 


Digitized  by 


Google 


544  AEBONAUTIGS. 

(7)  Tests  on  the  same  carburetor,  but  with  two  grades  of  gasoline, 
gave  the  expected  result:  The  use  of  lighter  gasoline  produced  rich^ 
mixtures  for  the  same  air  flow,  but  the  difference  is  so  small  that  it 
would  be  hazardous  to  give  a  numerical  estimate,  in  view  of  the 
irregularities  in  proportions. 

(8)  Considering  how  little  really  scientific  work  has  been  done  in 
connection  with  carburetors,  it  is  surprising  that  they  function  as 
well  as  they  do,  but  the  road  to  further  improvements  seems  clearly 
outlined. 

(B)  CARBURETOR  TEST  LITERATURK 

DISCUSSION  OF  THE  UTERATURE  OF  OTHEB  CARBURETOR  TESTS. 

In  an  official  carburetor  competition  arranged  by  the  Prussian 
Government,  amon^  others,  the  following  proj)erties  were  to  be  inves- 
tigated by  tests  ana  considered  in  the  awarding  of  prizes:  Fuel  cc«i- 
sumption  of  engine,  output  and  flexibility  of  engine,  time  required  to 
start  engine  after  having  stood  all  night  in  unheated  shed,  absence 
of  bad  odors,  absence  of  smokiness  in  the  exhaust  and  of  soot  in  the 
cylinders.  No  lengthy  discussion  would  be  as  striking  as  the  simple 
enumeration  of  these  items  if  one  were  asked  to  demonstrate  how 
vital  a  part  of  the  modem  motor  car  the  carburetor  is;  how  not  only 
power  and  economy  of  operation  but  also  convenience  and  pleasure 
of  driving  depend  altogether  on  the  carburetor. 

When  it  is  further  considered  that  the  carburetor  art  is  23  years 
old,  as  the  Maybach  carburetor,  the  prototype  of  all  modem  propor- 
tioning flow  carburetors,  was  introduced  in  1893,  it  is  hard  to  explain 
the  incompleteness — ^if  not  complete  lack — of  reliable  design  data. 
One  would  think  that  to  review  all  important  carburetor  tests  under- 
taken for  the  purpose  of  furnishing  such  data  would  be  a  formidable 
undertaking,  but  instead  of  that  it  must  be  acknowledged  that  a  care- 
ful search  of  the  available  literature  will  disclose  less  than  a  dozen 
reports  of  investigations  that  are  of  any  real  value  to  the  desi^er. 

In  the  discussion  of  one  such  paper  presented  before  the  Institution 
of  Automobile  Engineers,  England,  the  president  of  the  institution 
described  the  situation  as  follows  (Proc.  I.  A.  E.,  Vol.  V,  discussion 
of  paper  by  Morgan  &  Wood) : 

In  my  experience  the  design  of  the  sfpray  type  of  carburetor  is  somewhat  In 
the  same  position  as  the  design  and  fitting  out  of  a  sailing  boat.  Different  men 
come  along  and  move  the  ballast  to  different  positions  and  alter  and  shift  the 
sail  plan  about,  here  and  there,  and  get  different  results,  better  or  worse;  but 
none  of  them  get  the  exact  results  that  the  designer  anticipated  or  know  with 
any  sort  of  certainty  what  effect  any  given  alteration  will  produce. 

These  words  were  uttered  in  1910,  but  they  are  just  as  true  to-day, 
with  this  difference  only,  that  in  the  intervening  six  years  a  greater 
number  of  men  have  ^  come  along  and  moved  the  ballast  and  altered 
the  sail  plan,"  so  that  the  results  on  the  whole  are  perhaps  somewhat 
improved,  but  in  the  meantime,  also,  the  problem  has  been  rendered 
more  important,  as  well  as  more  complicated,  due  not  only  to  the 
available  fuel  becoming  more  expensive  but  more  difficult  to  use. 

If  the  tests  made  in  connection  with  this  report,  incomplete  as  they 
are,  will  serve  the  purpose  of  emphasizing  the  necessity  for  more 
work,  careful,  scientific,  imbiased  work,  tne  authors  will  be  well 
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A  number  of  published  reports  of  carburetor  investigations  which 
appear  most  useful  at  first  sight  lose  their  value,  partly  or  altogether, 
on  closer  inspection.  A  report  which  does  not  give  the  details  or 
the  measuring  appliances  and  methods  by  which  the  readings  were 
obtained  and  the  results  calculated  is  of  doubtful  value,  no  matter 
what  the  standing  of  the  investigator  may  be,  since  the  de^ee  of 
accuracy  can  not  oe  judged  nor  can  the  reader  know  how  far  the 
character  of  the  results  has  been  affected  by  the  test  methods. 

In  this  connection  also  the  practice  of  publishing  smooth  curves 
only,  without  giving  individual  points  or  the  test  log,  can  not  be  con- 
denmed  too  stron^y.  Usually,  also,  in  reports  of  this  sort  the 
curves  are  extended  down  to  the  origin  or  to  zero  flow,  but  no  one 
can  tell  how  far  actual  readings  were  carried,  and  this  just  at  a  flow 
region  where  the  greatest  irregularities  occur.  Another  procedure 
which  is  not  necessarily  unscientific  but  apt  to  be  misleading,  and 
which  has  been  referred  to  in  the  discussion  of  the  tests,  consists  in 
undulv  reducing  the  scale  of  one  of  the  variables  as  compared  with 
the  other.  This  is  apt  to  occur  when  gasoline  flow  is  plotted  against 
air  flow. 

Again,  some  apparently  careful  and  valuable  reports  lose  some  of 
their  si^ficance  when,  after  all  kinds  of  other  devices  have  been 
reported  on,  the  author  trots  out  his  own  personal  pet  and  shows 
how  superior  it  is  to  all  the  other  creatures.  As  long  as  this  refers 
only  to  some  pet  theory  exception  can  not  be  taken,  out  when  it  is 
a  question  of  a  patented  device  which  is  just  being  put  on  the  market 
it  would  seem  to  be  more  appropriate  to  let  some  one  else  report  on  it. 
No  matter  how  distin^ished  a  man  me  be,  no  matter  how  far  above 
any  unworthy  suspicion,  a  scientific  test  report  in  which  he  com- 
pares different  devices,  all  in  the  market  and  all  patented  and  com- 
peting with  each  other,  should  not  be  signed  by  the  inventor  of  one 
of  the  devices. 

Some  of  the  most  valuable  information  has  been  derived  from  the 
work  of  British  scientists,  and  the  reports  which  were  all  presented 
before  the  Institution  of  Automobile  En^neers  deserve  the  highest 
praise,  although  some  details  may  be  criticized. 

In  1907  Du^d  Clerk  read  a  paper  before  the  institution  on  the 
principles  of  carbureting,  as  determined  by  exhaust-gas  analysis. 
He  examined  the  trials  of  the  Royal  Automobile  Club.  His  paper 
and  that  of  Prof.  Hopkinson,  of  Cambridge  University^  in  the  same 
year,  are  important  because  they  showed  how  the  carburetor  per- 
formance might  be  analyzed  by  means  of  the  exhaust-gas  anaylsis. 

In  Clerk  and  Burls  Gas,  Petrol,  and  Oil  Engines,  Volume  II,  page 
682,  a  simple  formula  for  calculating  the  air-niel  ratio  from  exhaust 
analysis  will  be  found. 

Two  splendid  investigations  were  undertaken  by  Dr.  Watson  in 
1908  and  1909.  The  titles  are  "  On  the  thermal  and  combustion  effi- 
ciency of  a  four-cylinder  petrol  motor"  (Proc.  I.  A.  E.  Vol.  III. 
p.  889) ,  and  the  other,  "An  investigation  of  the  thermal  emciency  or 
a  two-cycle  petrol  engine"  (Proc.  I.  A.  E.,  Vol.  V,  p.  83).  As  the 
titles  show,  they  were  not  really  carburetor  tests,  but  since  they  were 
to  be  as  complete  engine  tests  as  facilities  allowed,  both  air  and  fuel 
were  measured,  and  the  exhaust  gases  were  analyzed.    Thus  the  re- 
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suits,  while  not  dealing  with  the  performance  of  a  modern  car- 
buretor under  all  conditions  of  flow  (all  tests  were  run  at  full  throttle 
and  the  auxiliary  air  valve  was  fixed) ,  are  of  the  greatest  interest 
as  showing  the  relations  between  economy  and  mixture  proportions 
and  between  exhaust  gas  analysis  and  mixture  proportions.  The 
tests  were  deficient  only  as  far  as  the  loading  of  the  engines  was 
concerned.  In  one  case  an  uncalibrated  fan  brake  was  used;  in  the 
other  a  belted  dynamo,  so  that  in  neither  test  could  the  brake  horse- 
power be  determined.  Dr.  Watson  used  an  optical  indicator  of  his 
own  design,  and  all  results  are  referred  to  as  indicated  horsepower. 
The  air  was  measured  by  means  of  an  orifice  in  a  thin  plate,  forming 
the  inlet  to  a  box  from  which  the  air  was  drawn.  The  primary  and 
the  auxiliary  air  inlets  of  the  carburetor  were  c<Hmected  to  the  box 
by  a  pipe.  A  box  of  19  cubic  feet  volume  was  used,  but  this  was  not 
sufficient  to  damp  the  pulsations  of  the  air,  so  on  one  side  of  the  box 
was  an  india  ruboer  diaphragm.  This  is  a  very  simple  arrangement, 
and  quite  accurate  if  plate  and  orifice  are  made  the  same  as  those 
used  m  some  reliable  calibration  tests,  such  as,  for  instance,  Durley^s 
experiments,  so  that  the  coefficient  is  known.  It  has,  however,  the 
disadvantage  that  the  range  of  flow  which  can  be  measured  with 
one  diaphragm  is  very  limited,  since  any  large  pressure  drop  must  be 
avoided.  This  would  mean  a  number  of  plates  and  orifices  which 
would  have  to  be  exchanged  when  any  flow  rate  between  120  cubic 
feet  per  minute  and  less  nian  1  cubic  foot  is  to  be  measured,  as  was 
done  in  the  new  tests  of  this  summer  here  reported.  Of  great  im- 
portance in  Dr.  Watson's  report  are  the  graphs  giving  the  relation 
between  COg,  CO,  Og,  and  the  proportions  of  air  to  fuel. 

Very  interesting  also,  although  not  quite  as  accurate  perhaps,  are 
the  tests  made  by  Messrs.  Morgan  iind  Wood,  and  presented  before 
the  Association  of  Automobile  Engineers  the  same  year  (1910)  as  Dr. 
Watson's  second  paper  (Proc.  I.  A.  E.,  Vol.  V,  p.  37).  The  purpose 
of  tHe  investigation  was  to  develop  a  kerosene  carburetor.  The 
mixture  was  pulled  through  an  automobile  engine,  which  was  driv«i 
by  outside  power,  and  then  it  was  discharged  into  a  gas  holder  for 
measuring.  A  rather  risl^  procedure,  it  would  seem-  First,  simple 
carbureters  made  up  of  sections  of  pipe  and  spray  orifices  were 
tested,  and  the  characteristics  of  plain  tube  carbureters  developed. 
Then  regular  carburetors  were  put  under  test,  single  jet  with  mechani- 
cal air  valve,  single  jet  with  spring-controlled  air  valve,  two  and  three 
jet  and  mechanical  air  valve,  etc.  The  final  conclusion  of  the  authors 
was  that  a  plain  tube  carbureter  with  fixed  fuel  nozzle  of  the  right 
proportions  could  be  combined  with  a  constant  rate  of  flow  nozzle 
so  as  to  produce  a  mixture  of  constant  proportions.  This  would  lead 
to  a  type  of  carburetor  similar  to  our  No.  4.  Examination  of  the 
curves  will  show  that  most  of  them  are  quite  irregular,  although  the 
general  tendency  may  be  evident.  The  individual  points  are  given 
only  on  some  of  the  plots.  The  tests  were  made  at  full  thi^Dttle. 
Important,  too,  is  the  statement,  which  should  be  obvious,  but  does 
not  seem  so  te  many  people,  namely,  that  the  tests  when  reproduced 
with  the  engine  runmng  under  its  own  power  gave  exactly  the  same 
results. 

In  the  discussion  of  this  paper  reference  is  frequently  made  to 
"  surging  flow  "  in  the  suction  pipe,  organ  pipe  effects,  which  possibly 
might  affect  the  results. 
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In  the  2!eitschrift  des  Vereins  deutscher  Ingenieure  a  number  of 
accurate  and  complete  engine  tests  have  been  published  from  time  to 
time,  and  Prof.  Kiedler,  of  Charlottenburg,  has  carried  on  a  great 
many  interesting  engine  investigations,  but  no  special  carburetor 
investigation  has  been  found  in  the  German  technical  literature  except 
two.  One,  of  course,  is  Prof.  RummePs,  Aachen,  Germany,  famous 
investigation,  which  correctly  has  been  called  a  classic  of  carburetor 
literature.  Prof.  Rummel  conducted  an  extensive  series  of  tests 
covering  a  period  of  three  years  to  determine  the  laws  of  flow  from 
carburetor  nozzles.  The  results  were  first  published  in  Der  Motor- 
wagen  in  1906,  and  lately  have  been  published  in  translation  by 
Horseless  Age,  April  14,  1915.  Since  these  experiments  were  not 
made  on  actual  carburetors,  but  on  nozzles  only,  and  not  in  connection 
with  an  engine,  they  are  reviewed  in  connection  with  the  discussion 
of  flow  laws. 

The  same  procedure  has  been  followed  in  the  case  of  R.  W.  A. 
Brewer,  whose  work  would  have  been  reviewed,  together  with  that  of 
the  other  British  investigators,  if  it  had  not  principally  dealt  with 
the  establishing  of  flow  laws  based  on  the  experiments  of  others  and 
himself.  E.  Sorel's,  the  French  engineer,  valuable  contributions  are 
also  treated  in  the  last  chapter. 

Returning  to  carburetor  investigations  carried  on  in  Germany, 
we  find  one  and,  as  far  as  is  known  to  the  authors,  the  only  instance 
where  an  attempt  was  made  to  determine  the  actual  performance  of 
existingcommercial  carburetors  by  means  of  unbiased  competitive 
tests.  These  tests  were  undertaken  by  a  commission  appointed  by 
the  Prussian  Government  for  the  purpose  of  finding  the  carburetor 
best  suited  for  benzol  fuel.  Money  prizes  were  offered,  and  14  car- 
buretors were  entered.  A  description  of  the  test  methods  and  of 
the  prize-winning  carburetors  will  be  found  in  Der  Motorwagon, 
May  31,  1914,  and  Horseless  Age,  volume  33,  page  640.  Unfortu- 
nately the  actual  results,  which  must  be  of  extreme  interest,  have 
apparently  never  been  published,  probably  due  to  the  outbreak  of  the 
war.  Nevertheless,  it  seems  appropriate  to  call  attention  to  the  test 
conditions  in  view  of  the  desirability  of  undertaking  similar  work  in 
this  country. 

The  tests  consisted  of  two  parts,  a  laboratory  test  and  a  road  test. 
The  bench  tests  were  run  in  the  laboratory  of  the  Technische  Hoch- 
schule,  Charlottenburg,  where  the  carburetors  had  to  be  attached 
to  a  pleasure  car  engine  and  a  truck  engine,  all  carburetors,  of  course, 
being  tested  on  the  same  two  engines.  The  points  on  which  the  car- 
buretors were  to  be  judged  in  the  bench  test  were:  (a)  Maximum 
power;  (&)  fuel  consumption  at  maximum  power;  (c)  consumption 
when  tiirottled,  at  R.  P.  M.=l,400;  (d)  consumption  when  throttled, 
at  R.  P.  M.=800;  {e)  lowest  R.  P.  M.  at  full  load;  (/)  lowest  idling 
speed;  (g)  fuel  consumption  when  idling;  (A)  flexibility  under  sud- 
den chanjges  of  load.  Whether  the  order  also  represents  the  order 
of  merit  in  judging  is  not  clear.  The  exhaust  was  analyzed  by  Orsat 
apparatus.  A£o  determined  were  the  volumetric  efficiency  of  the 
engine,  cooling  water  temperature,  humidity  of  the  air,  temperature 
of  the  air.  All  results  were  reduced  to  normal  barometric  reading. 
It  was  found  that  one  of  the  leading  carburetors  could  be  used  either 
on  gasoline  or  benzol  fuel  without  any  change  whatsoever.    A  route 
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extending  over  several  hundred  miles  was  laid  out  for  the  road  tests. 
The  points  for  the  latter  (partly  quoted  at  the  beginning  of  the  chap- 
ter) were  as  follows:  Consumption  of  benzol;  output  and  flexibility 
of  engine;  time  required  to  start  engine  after  the  car  had  stood  aU 
night  in  an  unheated  shed ;  absence  of  bad  odors,  of  smoke  in  the  ex- 
haust, or  soot  in  the  cylinders ;  accessibility  of  internal  parts ;  rapid- 
ity of  conversion  for  operation  on  gasoline;  and  consumption  of 
gasoline  over  one  stage  that  had  already  been  driven  over  on  benzol. 

Who  can  doubt  that  a  competition  of  this  sort  properly  conducted 
will  be  of  incalculable  benefit  to  the  state  of  the  art  not  only  but  to 
the  whole  industry?  One  only  has  to  think  of  the  stimulus  given  to 
the  aeroplane-engine  industry  by  the  competitions  that  were  held  by 
the  various  European  Governments  and  associations. 

Coming  now  to  the  experimental  work  done  in  this  country,  we 
find  that  many  have  tried  earnestly  enough  to  solve  the  great  mys- 
tery, but  the  net  results,  as  far  as  the  advancement  of  the  art  is 
concerned,  are  deplorably  deficient.  This  statement,  of  course,  refers 
only  to  the  results  published  and  not  to  the  experimental  work  which 
has  been  carried  on  by  the  carburetor  and  automobile  manufacturers 
and  in  private  laboratories,  and  about  which  nothing  is  officially 
known.  A  great  many  individuals  have  experimented  on  carbu- 
retors, but  in  most  cases  either  the  mental  equipment  and  scientific 
training  of  the  investigator  or  the  mechanical  equipment  for  the 
carrying  out  of  the  tests,  or  both,  were  wholly  inadequate  to  the  task. 
No  wonder  then  that  men  would  come  to  such  conclusions  as  this: 
"The  investigation  furnished  convincing  evidence  that  combustion 
is  entirely  without  law ;  in  other  words,  that  it  is  an  empirical  phe- 
nomenon and  to  be  treated  as  such." 

A  few  of  the  serious  investigations  which  have  been  found  in  the 
trade  literature  and  proceedings  of  societies  will  now  be  briefly 
reviewed. 

C.  H.  Taylor  published  in  Horseless  Age  (Mar.  4,  1908)  the  re- 
sults of  tests  made  by  him  in  order  to  oetermine  correct  mixture 
proportions  for  different  engine  speeds  and  throttle  positions.  The 
report  is  quite  complete  and  great  care  apparently  was  used  in  order 
to  obtain  exact  results,  but  Sie  test  equipment  can  not  be  accepted 
for  a  scientific  investigation.  The  air  was  measured  by  means  of  an 
ordinary  gas  meter  and  the  gasoline  determined  from  the  number  of 
revolutions  of  a  calibrated  small  triplex  pump  driven  from  the  en- 
gine by  friction  drive.  The  gasoline  pipe  was  heated  by  a  blow  torch 
and  the  supposition  was  that  the  gasoline  entered  the  air  pipe  in 
vapor  form.  A  two-cylinder  automobile  engine  was  used  for  the 
tests. 

D.  S.  Tice  undertook  some  experimental  work  described  by  him  in 
Horseless  Age,  August  19, 1908,  for  the  purpose  of  establishing  defl- 
nitelv  just  what  law  or  laws  are  followed  by  the  discharges  of  several 
nozzle  forms  in  actual  use  in  carburetors.  The  nozzles,  actually 
taken  from  carburetors,  were  tested  by  themselves,  actual  conditions 
being  reproduced  as  far  as  possible,  with  the  engine  suction  replaced 
by  an  aspirator.  Gasoline  flow  is  shown  plotted  against  pressure 
drop.  The  air  flow  is  calculated  from  theoretical  formulae  without 
using  a  coefficient.  In  his  conclusions  Mr.  Tice  proposes  in  place  of 
the  automatic  air  valve  as  one  means  of  compensation,  ^^a  J9kgg^ 
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piece  of  metal  placed  in  the  fuel  passage  in  such  a  wa^  that  it  pre- 
sents a  great  mctional  resistance  to  the  flow  of  the  hquid  at  high 
velocity,  thus  reducing  the  nozzle  efflux,"  which  is  rather  interesting 
in  view  of  the  fact  that  a  similar  method  has  lately  been  not  only 
proposed  but  actually  introduced  in  a  carburetor.  More  about  this 
will  be  found  in  the  discussion  of  flow  laws. 

J.  S.  V.  Bickford  (Horseless  Age,  Dec.  2, 1908)  constructed  experi- 
mental carburetors  out  of  glass  lamp  chimneys  and  nozzles  and  meas- 
ured the  air  by  means  of  a  homemade  gas  holder  consisting  of  a  tin- 
plate  bell  and  a  water  barrel. 

Mr.  Tice's  and  Mr.  Bickf  ord's  tests  were  used  by  H.  L.  Hepburn 
(Horseless  Age.  Apr.  14,  1909)  as  the  basis  for  calculations  on  the 
carburetor  problems.^ 

A^aper  was  read  in  1912  before  the  American  Society  of  Mechani- 
cal Engineers  by  George  W.  Munroe  describing  the  tests  he  made  on 
six  commercial  carburetors.  The  carburetors  were  attached  to  a  new 
four-cylinder  automobile  engine,  the  load  was  applied  and  measured 
by  means  of  an  ordinary  Prony  brake.  In  each  run  power,  speed, 
and  fuel  consumption  were  determined,  but  the  air  was  not  measured 
nor  was  the  exhaust  analyzed,  so  that  the  results  are  of  no  help  in  the 
proportioning  proWeuK  Tests  were  nm  at  10  different  speeds,  maxi- 
mum load  for  each  speed,  and  then  the  speed  was  reduced  b^  throt- 
tling, so  that  the  results  should  give  a  complete  picture  of  engine  and 
carburetor  i)erformance  under  all  conditions  of  steady  runmng,  but 
of  course  this  over-all  performance  does  not  assist  the  designer  very 
much  in  tracing  the  reasons  for  good  or  bad  results. 

S.  M.  Udale  (Horseless  Age,  Aug.  6,  1913)  discussed  the  method 
and  interi)retation  of  exhaui^-gas  analysis  in  engine  and  carburetor 
tests.  This  method  was  first  applied  to  automobile  tests  by  Dugald 
Clerk  (Proc.  I.  A.  E.,  Dec.  11,  1907),  as  mentioned  before,  and  un- 
doubtedly is  most  helpful  in  the  interpretation  of  results  when  con- 
sidered in  conjunction  with  air  and  reel  measurement,  but  just  be- 
cause the  taking  of  samples  and  the  use  of  the  Orsat  apparatus  seems 
so  very  simple,  exhaust-gas  analysis  is  a  rather  dangerous  thing. 
Only  m  the  hands  of  a  skilled  chemist  or  of  some  one  who  has  taken 
the  trouble  to  study  the  subject  and  knows  what  to  guard  against,  the 
Orsat  or  similar  apparatus  will  furnish  reliable  results.  It  is  rather 
significant  that  Mr.  Udale  in  1913  had  to  use  the  results  obtained  by 
Mr.  Taylor,  given  years  previous  (see  above),  in  order  to  illustrate 
some  of  his  deductions,  bearing  out  what  was  said  at  the  beginning  of 
this  chapter  about  the  meagerness  of  test  data  published. 

The  technical  committee  of  the  Automobile  Club  of  America  made 
a  test  of  the  "  Sunderman  safety  carburetor,"  which  was  published 
in  Horseless  Age -of  October  1,  1913.  At  various  speeds  tne  horse- 
power and  the  fuel  and  air  consumption  were  determined,  and  the 
exhaust  gases  were  also  analyzed.  A  Venturi  meter  was  used  for  the 
air  measurements.  A  number  of  runs  were  also  made  with  the 
tiiirottle  valve  being  periodically  opened  and  closed. 

Under  the  auspices  of  the  Automobile  a  series  of  road  tests  were 
undertaken,  pleasure  cars  as  well  as  motor  trucks  participating.  The 
results  were  published  in  the  Automobile,  February  12,  1914,  and 
February  19,  1914,  by  Mr.  Herbert  Chase.  The  gasoline  was  meas- 
ured and  exhaust  gas  samples  were  taken  at  prescribed  points  of  the 
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route.  The  results  together  with  the  specifications  of  the  cars  are 
^ven  in  the  report.  In  almost  every  case  the  perc^itage  of  CO  when 
idling  was  very  large. 

At  various  times  Messrs.  F.  H.  and  F.  O.  Ball  have  contributed  the 
results  of  carburetor  investigations.  Thus  we  find  articles  by  these 
authors  in  Horseless  Age,  December  25, 1907,  in  the  same  pubBcation 
under  the  date  of  August  4,  1909,  and  finally  a  paper  presented  be- 
fore the  Society  of  Automobile  Engineers  ana  published  in  the 
Socie^  of  Automobile  Engineers^  BiSletm  of  August,  1916,  all  of 
these  dealing  with  carburetor  investigations  carried  on  by  the  authors 
in  their  own  laboratory.  The  testing  equipment  is  onlv  vagudy  de- 
scribed. An  engine  with  electric  brake  which  could  also  run  as 
motor,  as  well  as  a  steam  ejector,  were  used  to  draw  the  air  through 
the  carburetors.  What  kind  of  air-metering  equipment  was  used  is 
not  stated  except  that  it  was  ^^  calibrated  and  very  accurate."  Many 
carburetors  were  tested,  and  the  results  are  plotted  as  curves  with 
the  ratio  ^'  gasoline,  ounces  per  1,000  cubic  feet  as  ordinates  and  air 
flow  in  cubic  feet  per  minutes  as  abscissae."  On  each  curve  sheet 
the  region  between  oest  ratio  for  high  power  and  best  ratio  for  high 
efficiency  is  shaded,  there  may  be  and  is,  of  course,  a  difference  of 
opinion  about  the  numerical  value  of  these  limits.  At  the  end  of 
this  year's  paper  a  new  two-stajge  carburetor  is  described  and  its 
performance  analyzed.  According  to  the  curves  it  gives  an  absolutely 
constant  ratio  between  40  and  140  cubic  feet  per  mmute  air  flow.  In- 
dividual  points  are  not  given.  Tests  are  also  given  for  a  carburetor 
with  "  friction  control "  of  gasoline.  By  compelling  the  fuel  first 
to  travel  through  a  long  thin  annulus  of  relatively  large  diameter  the 
authors  claim  to  regulate  the  flow  so  that  it  will  be  (urectly  propor- 
tional to  the  head  itself  instead  of  to  the  square  root  of  it,  and  smce, 
according  to  them^  the  flow  of  air  in  a  carburetor  with  a  spring 
loaded  auxiliary  air  valve  varies  directly  as  the  head,  constancy  of 
proportions  is  assured.    An  interesting  mscu^on  follows  the  pan^. 

The  results  of  a  diligent  search  of  all  publications  to  be  foima  in 
the  libraries  of  New  York  City  are  contained  in  the  above  review 
and  it  is  thus  seen  that  the  private  inventor  or  the  small  manufacturer 
who  has  not  the  means  to  mstall  and  maintain  the  elaborate  testing 
equipment  required,  has  almost  no  reliable  data  to  help  him  in  his 
work.  This  explains  the  many  failures  and  disappointments  among 
the  great  number  of  enthusiastic  and  conscientious  people  who  have 
been  lured  into  the  field  by  the  attractiveness  oi  the  carburetor 
problem. 
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CONCLUSIONS  AND  RECOMMENDATIONS. 

By  Chmxleb  BL  Litokb. 


^  1.  Carburetor  design  has  not  yet  emerged  from  the  stage  of  inven- 
tion and  empiricism,  but  the  time  has  arrived  when  it  is  important 
that  scientific  engineering  methods  should  govern  the  practice  in 


2.  There  is  available  a  surprisingly  large  number  of  different 
forms  and  arrangement  of  parts  constituting  caiburetor  schemes  in 
the  Patent  Office  records  which  serve  as  exc^ent  material  for  quali-^ 
tative  desi^,  to  which  the  necessary  dimensions  must  be  applied 
when  sufficient  data  have  been  established.  (See  Part  IV  of  this 
report.) 

8.  Data  are  lacking  on  air  and  fuel  flow  in  carburetor  passages 
necessai^  for  the  determination  of  such  dimensions  as  will  insure  me 
production  of  a  specified  quantity  and  quality  of  mixture.  Quan- 
titative design  can  not  be  imdertaken  until  such  data  have  been 
established.    (See  Part  V  of  this  report.) 

4.  Data  are  also  lacking  on  the  mixture  requirements  for  engines 
to  insure  their  best  i>erf ormance  in  horsepower  and  efficiency,  which 
engine  mixture  requirements  constitute  the  specifications  which  the 
carburetor  must  fulfill.    (See  Part  I  of  this  repjort.) 

5.  Experimental  determination  of  the  relation  between  the  rate 
of  flow  of  fuel  and  the  head  should  be  undertaken  for  all  grades  of 
gasoline,  kerosene,  alcohol,  and  benzol  in  passages  of  size  and  shape 
suitable  for  carburetors,  and  at  all  rates  of  flow  from  zero  up  to  the 
maximum  used.  The  sizes  of  passage  should  extend  from  zero 
up  to  values  suitable  for  the  largest  gasoline  engines,  which,  for  the 
present,  may  be  set  at  600  horsepower,  in  round  numbers.  The  effect 
of  temperature  and  viscosity  must  also  be  evaluated  over  a  range 
in  excess  of  what  may  be  encountered  in  use. 

6.  Experimental  determination  of  the  relation  between  the  rate 
of  flow  of  atmospheric  air  into  carburetor  air  passages  and  the 
vacuum  at  any  point  of  the  passage  should  be  undertaken  for  such 
shapes  and  sizes  of  air  passages  as  are  suitable  for  carburetors  of  the 
various  compensating  classes  and  for  all  velocities  from  zero  up  to 
the  critical  for  orifices.  The  effect  of  changes  in  barometric  and 
absolute  pressure  and  of  temperature  on  the  air  flow-vacuum  relation 
should  abo  be  evaluated  over  a  suitably  wide  range  with  reference 
to  use. 
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7.  The  accuracy  of  maintenance  of  proportion  in  present  commer- 
cial carburetors  over  working  ranges  of  flow  rates  and  at  different 
throttle  positions  is  by  no  means  as  good  as  it  can  be  made.  (See 
Part  VI  of  this  report.) 

8.  Additional  tests  on  the  changes  in  proportion  of  air  to  fuel  in 
commercial  carburetors  should  be  made  to  clearly  establish  the  in- 
fluence of  (a)  sudden  opening  or  closing  of  throttle;  (b)  atmos- 
pheric temperature  between  120°  F.  and  —30®  F. ;  (c)  air  pressure 
from  10  to  40  inches  H^.  absolute;  (d)  tilting  through  at  least  45° 
from  the  vertical  in  all  horizontal  directions;  (e)  vibrations  of  such 
periodicity  and  degree  as  is  characteristic  of  each  typical  arrange- 
ment of  engine  parts  and  for  the  largest  and  smalleet  sizes;  (f) 
mixture  pipe  pulsations  of  the  periodicity  and  amplitude  found  in 
typical  manifolds  of  varying  length  and  for  all  types  of  cylinder 
grouping. 

9.  Additional  proportionality  tests  should  be  undertaken  on  two 
groups  of  carburetors  and  two  types  of  engines.  One  of  the  carbu- 
retors should  have  throttle  controlled  compensation,  and  the  other 
a  compensation  automatically  controlled  by  the  flow  rate,  inde- 
pendent of  the  throttle.  One  of  the  Migines  should  have  a  load  or 
resisting  torque,  independent  of  speedy  and,  therefore,  the  carburetor 
flow  rate  will  be  independent  of  throttle  position,  typical  of  automo- 
•biles.  The  other  engine  should  have  a  resisting  torque  that  is  a 
function  of  speed,  and,  therefore,  the  carburetor  flow  rate  will  be 
more  or  less  fixed  by  throttle  position,  typical  of  aero  and  marine 
conditions.  These  tests  will  clear  up  the  question  of  the  relative 
value  of  the  two  types  of  load,  and  especially  for  the  screw  pro- 
peller load— prove  whether  or  not  the  throttle  controlled  compensa- 
tion is  substantially  as  good  as  the  automatic,  which  appears  to  be 
necessary  for  the  automobile  type  of  load.  In  the  test  with  pro- 
peller loads  the  propeller  torque  influences  introduced  by  variable 
air  or  water  currents  must  be  evaluated. 

10.  The  engine  test  to  be  conducted  for  the  purpose  of  determining 
the  most  suitable  mixture  specifications  should  be  started  with  mix- 
tures that  are  dry  and  such  as  are  most  easily  made  by  using  very 
lij^ht  gasoline  of  76°  Baume  or  better.  With  such  a  fuel  the  precise 
effect  of  the  proportion  on  both  maximum  horsepower  and  thermal 
efficiency  should  be  determined  for  each  type  and  size  of  engine  now 
in  use.  Subsequently,  heavier  gasoline  should  be  used,  such  as  will 
yield  mixtures  with  increasing  amounts  of  unvaporized  fuel,  while 
the  mixture  proportion  is  first  kept  constant  and  then  varied  so  that 
the  effect  of  proportionality  and  oi  volatility  or  mixture  wetness 
may  be  known  on  engine  capacity  and  efficiency.  Finally,  each  of 
the  wet  mixtures  should  be  dried  by  heatingand  the  effect  on  engine 
capacity  and  efficiency  again  determined.  From  the  results  of  such 
tests  the  mixture  specifications  can  be  quantitatively  fixed  as  to  pro- 
portionality and  quality  and  density  with  allowable  limits  to  give 
any  required  engine  performance,  and  carburetors  can  be  purchased 
on  such  specifications  or  can  be  designed  to  fulfill  them,  rulfillment 
being  determined  by  test. 
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EXFERDfENTAL  BESEABCHES  ON  THE  RESIST- 
ANCE OF  Am. 


By  L.  Mabohib. 


CHAPTER  I.      * 
CLASSIFICATION  OF  EXPERIMENTAL  METHODS. 

1.  BEACnONS  EXERTED  BY  THE  AIR  ON  A  BODY  IN  RELATIVE  MOVE* 

MENT  WITH  IT. 

When  a  body  is  in  movement  relative  to  the  air  with  which  it  is 
surrounded,  it  is  subject  to  a  system  of  forces  to  which  is  given  the 
name  of  ''reactions  exerted  on  the  body  by  the  air.''  These  reactions 
are  variable,  especially  as  regards  (1)  the  form  of  the  bodjr,  (2)  the 
position  which  it  occupies  in  relation  to  the  surrounding  medium,  (3) 
the  various  circumstances  of  its  movement  (time  elapsed  from  origin 
of  movement  to  present  moment — ^velocity  relative  to  the  air),  and, 
finally,  (4)  the  mass  of  the  fluid  which  surrounds  the  body  in  move- 
ment. 

We  shall  not  develop  in  detail  the  difficulties  presented  by  each  of 
these  problems,  of  which  certain  have  received  only  very  imperfect 
solutions. 

We  shall,  in  what  follows,  consider  only  the  case  of  a  body  sur- 
rounded completely  by  a  great  mass  of  air,  relative  to  whidi  it  has  a 
movement,  established  a  long  time  previously,  and  of  which  the 
velocity  and  direction  are  constant  and  readily  aetermined. 

The  reactions  exerted  by  the  air  on  the  body  in  movement  relative 
to  it  are  reduced  to  a  force  and  a  couple.  We  shall  assume  that  the 
body  under  experiment  possesses,  at  the  least,  a  plane  of  symmetry, 
thus  eliminating  the  couple  from  the  reactions  of  tne  air  ana  reducing 
them  to  a  single  force,  to  which  we  shall  sive  the  name  of  "resist- 
ance of  the  air  on  the  body  in  movement  rdative  to  it." 

When  we  consider  the  movement  of  the  body  relative  to  the  air 
which  surrounds  it,  we  have  not  only  in  view  a  movement  of  transla- 
tion, but  also  a  movement  of  simple  rotation  and  likewise  a  move- 
ment of  rotation  combined  with  a  movement  of  translation.  In 
other  words,  we  shall  study  here  the  problem  of  the  propeller  as  well 
as  tiiat  of  the  wings  of  an  airplane. 
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556  AEBONAUTICS. 

2.  MANNER  OF  PRODUCING  THE  MOVEMENT  OF  A  BODY  RELATIVE 
TO  THE  AIR  WHICH  SURROUNDS  IT— BODY  MOVABLE. 

Various  experimental  methods  may  be  utilized  in  order  to  produce 
the  movement  of  a  body  in  reference  to  free  air. 

In  an  indefinite  mass  of  air,  at  rest  as  a  whole,  the  following  types 
of  movement  may  be  giyen  to  the  body: 

(a)  A  movement  of  rectilinear  translation; 

(h)  A  movement  of  rotation  about  the  axis  of  a  mechanism; 

(e)  An  oscillating  movement,  as  in  the  case  of  a  pendulum. 

The  methods  by  means  of  some  form  of  mechanism  or  by  means 
of  a  pendulum  have  been  but  little  employed  in  France  and  we  shall 
omit  special  reference  to  them. 

The  method  employing  the  motion  of  translation  may  be  appUed 
in  two  forms: 

(1)  The  body  is  allowed  to  fall  freely  in  air,  as  calm  as  possible. 

(2)  The  body  is  carried  on  some  form  of  car  which  is  moved  in  calm 
air. 

In  France  the  method  of  free  fall  has  given  rise  to  important  inves- 

fations  made  by  MM.  Cailletet  and  Colardeau  and  especially  by  M.  G. 
iiffel. 

The  method  by  means  of  a  car  is  now  utilized  by  the  Aerodynamic 
Institute  of  Saint-Cyr,  at  the  laboratory  of  military  aerostation  of 
Chalais-Meudon,  and  also  by  M.  the  DuKe  of  Guiche.  At  Saint-Cyr 
and  at  Chalais-Meudon,  the  car  is  composed  of  a  carriage  moving  on 
rails.    M.  de  Guiche  employs  an  automobile  as  a  carrier. 

A  variant  of  the  method  of  the  car  has  been  installed  at  the  labora- 
tory of  military  aviation  at  Vincennes.  On  a  stretched  cable  a  little 
hanging  car  rolls,  carrying,  attached  below  it,  the  objects  under  test 
with  the  necessary  instrimients. 

The  dimensions  of  the  bodies  on  which  the  experiments  are  carried 
out  may  be  of  the  order  of  those  which  are  utilized  in  aviation  itself. 
In  other  wordg,  it  is  possible  to  operate  upon  equipment  as  used  in 
actual  aviation,  or  at  least  presenting  dimensions  aiffering  but  httle 
from  those  used  in  practice. 

From  this  point  of  view  the  method  by  displacement  through  the 
air  opens  up  a  field  of  investigation  more  extended  than  the  method 
in  which  an  artificial  current  of  air  is  employed. 

8.  MANNER  OF  PRODUCING  THE  MOVEMENT  OF  A  BODY  RELATIVE 
TO  THE  AIR  WHICH  SURROUNDS  IT— ARTIFICIAL  CURRENT  OF  AIR. 

It  is  possible,  in  fact,  to  realize  in  an  entirely  different  manner 
the  relative  movement  of  a  body  through  the  air. 

Instead  of  moving  the  bodv  under  test,  a  fixed  position  is  given 
to  such  body  placed  m  an  artificial  current  of  air. 

The  bodv  may  then  be  disposed  in  the  free  air  in  front  of  the  orifice 
through  which  the  air  enters  under  regulation  by  means  of  suitable 
devices.    This  method  has  been  employed  by  M.  Rateau. 

The  body  ujider  investigation  may  also  be  placed  in  an  inclosure 
or  integral  part  of  the  apparatus  for  the  regulation  of  the  current  of 
air.  It  is  placed,  for  example,  in  a  part  of  a  large  cylincbrical  pipe 
which  receives  a  current  of  air  produced  by  a  fan  ana  of  which  tne 
velocity,  at  a  certain  distance  from  the  walls,  has  been  rendered 
sensibly  parallel  to  the  pipe. 
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This  method,  furthermore,  msLj  be  subject  to  certain  variations: 

(a)  The  body  under  investigation  alone  is  placed  in  the  inclosure 
in  the  interior  of  which  the  artificial  current  of  air  is  produced. 
The  apparcitus  for  measuring  the  reactions  of  the  air  are  on  the 
exterior  of  this  inclosure,  their  connection  with  the  interior  being 
made  through  the  solid  wall  which  limits  the  conduit. 

This  method  is  known  under  the  name  of  the  ^'tunnel  method." 
It  has  not  been  largely  employed  in  France.  There  exists  at  the 
present  time  at  the  Aerodynamic  Institute  of  Saint-Cyr  a  tunnd 
of  which  the  practical  use  has  been  interrupted  by  the  present  war. 

(J))  The  apparatus  employed  for  determinmg  the  circulation  of  the 
air  is  enlarged  into  a  cnamber  of  suitable  size,  traversed  between 
two  of  its  parallel  waUs  by  a  cylinder  of  moving  air.  On  the  outside 
of  the  latter  and  within  the  cnamber  arfe  located  the  experimenters 
with  the  necessary  measuring  apparatus. 

We  propose  to  call  this  the  'vEiffel  method." 

In  Erance  this  method  has  given  very  complete  results.  It  is  for 
us  the  characteristic  method  in  connection  witn  the  use  of  an  artificial 
current  of  air. 

From  the  point  of  view  of  the  convenience  of  carrying  on  the 
experiments,  especially  in  large  numbers,  the  last  method  is  superior 
to  the  method  by  displacement  in  free  air.  The  latter  demands, 
in  facty  that  the  external  air  shall  be  as  calm  as  possible.  This  con- 
dition can  only  be  realized  on  certain  days  and  tnen  only  for  certain 
hours  of  a  given  daj^.  If  alone  the  right-line  path  of  the  body  under 
investigation  the  wind  should  have  everywhere  the  same  intensity 
and  the  same  direction,  due  allowance  mi|ght  be  made  for  its  existence. 

But  many  investigations,  notably  those  of  M.  Maurain  at  the 
Aerotechnic  Institute  of  Saint-Cyr,  show  that  at  any  given  point 
in  tJie  air  the  wind  is  frequently  subject  to  continued  changes  in 
direction  and  intensity. 

But  even  if  it  allows  the  experimenter  to  regulate  the  conditions 
of  any  one  investigation,  the  method  by  the  use  of  the  artificial 
current  of  air  can  only  be  applied  to  models  reduced  in  size  in  com- 

J>arison  with  actual  practice  m  aviation.    We  shall  see  later  the  reason 
or  this  limitation. 

One  question  immediately  presents  itself:  How  may  the  results 
obtained  in  the  study  of  models  be  transformed  in  order  to  furnish 
information  applicable  to  apparatus  of  full  size  ?  What  is  the  law 
of  similitude  which  inakes  possible  the  transformation  of  an  investi- 
gation on  a  small  scale  to  corresponding  phenomena  on  a  large  scale, 
jfibis  is  the  matter  which  we  shall  especially  develop  at  a  later  point. 
A  further  question  presents  itself:  Do  the  methods  mentioned 
above,  namely,  tiiie  displacement  of  the  body  imder  investigation 
and  tne  method  by  the  artificial  current  of  air,  lead  to  the  same 
results?  M.  Eiffel  maintains  the  affirmative,  relying  upon  the  fiin- 
damental  principle  of  relative  movement.  M.  de  Guicne  maintains 
the  negative,  arguing  that  the  tunnel  method  does  not  realize  fully 
the  conditions  which  permit  the  application  of  such  a  principle. 

We  shall  return  to  this  question  at  a  later  point,  in  connection 
with  the  comparison  of  the  results  obtained  by  these  two  experi- 
menters* 
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4.  STUDIES  OF  AIRPLANES  IN  FBEE  FUGHT. 

The  methods  which  we  have  just  considered  require  that  the  body 
under  investigation  be  connected  in  a  fixed  manner  witii  a  support. 
The  latter  has,  under  good  conditions,  its  dimensions  reduced  as 
much  as  possible.  It  is  also  removed  as  far  as  possible  from  the 
body  under  investigation,  so  that  its  presence  will  produce  the  mini* 
mum  of  disturbance.  It  is  none  the  less  true,  however,  that  the 
airplane,  thus  studied,  is  not  in  the  precise  condition  of  free  evolution 
in  the  open  air. 

For  tnis  reason  investigations  have  been  imdertaken  on  airplanes 
during  their  free  flight  in  the  air.  Unfortunately,  the  fidd  of  such 
investigation  is  limited.  It  can  not  be  carried  through  at  the  will  of 
the  experimenter;  that  is  to  say,  of  the  pilot,  who  must  first  of  all 
guard  against  danger  of  fait.  Such  expenments  give  complex  results 
often  dfficult  of  analysis.  Nevertheless  it  can  not  be  denied  that 
such  results  may  have  a  very  considerable  practical  value. 

Experiments  of  this  character  were  inaugurated  in  1910  by  MM. 
Gaudart  and  Legrand  with  a  Voisin  biplane.  These  expenments 
were,  however,  neither  sufficiently  systematic  nor  numerous  to  lead 
to  significant  results. 

Qmte  otherwise  are  the  researches  made  by  Commander  Dorand, 
at  Villacoublay,  on  a  biplane  of  his  own  construction  piloted  by  M. 
Labouchdre.  At  the  Institute  of  Saint-Cyr,  MM.  Toussaint  and 
LepSre,  Toussaint  and  the  Lieutenant  of  Aviation  Gouin,  have  made 
important  experiments  on  a  Maiuice  Farman  biplane  and  on  a 
Bleriot  monoplane.  Ingenious  apparatus  capable  of  registering  the 
movement  of  the  pilot  was  employed  to  fmnish  important  indicar 
tions  regarding  the  operation  of  sucn  actual  aviation  equipment. 

6.  THE  TOTAL  RESISTANCE  OF  THE  AIR  AND  THE  DETERMINATION  OF 
THE  PRESSURES  AT  EACH  POINT  OF  THE  SURFACE  OF  THE  BODY 
UNDER  INVESTiaATION. 

Let  us  return  to  the  methods  which,  in  a  laboratory,  mav  be 
employed  in  determining  the  resistance  of  the  air  upon  a  body  in 
movement  relative  to  it. 

With  regard  to  the  method  of  measuring  this  resistance  two  types 
may  be  characterized: 

(1)  Detemunation,  by  means  of  a  balance,  of  the  total  resistance 
on  the  entire  body  imder  investigation. 

(2)  Determination,  at  each  point  of  the  body,  of  the  reaction 
exerted  by  the  air  at  this  point;  a  study,  in  some  manner  topoCTaph- 
ical  in  character,  regarding  the  pressiires  resulting  from  the  rSative 
movement  of  the  body  ana  the  air. 

This  investigation  immediately  leads,  through  a  geometrical 
composition  of  the  individual  forces  thus  determined,  to  a  knowledge 
of  the  complete  resistance  of  the  air. 

The  metnod  by  means  of  the  balance  has  given  wonderful  results 
in  the  laboratory  of  M.  Eiffel  and  at  the  Institute  of  Saint-€yr.  M. 
de  Guiche  has  applied  this  method  solely  to  the  analysis  of  the 
distributed  pressures. 

Such  is  the  general  classification  of  the  experimental  methods  at 
present  in  use  m  France  for  the  study  of  the  problems  of  aerody- 
namics. We  proceed  to  give  in  detail  the  fimdamental  principles  of 
these  investigations  in  a  further  study  of  Hie  French  aerod^j^amic 
laboratories. 
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CHIAPTER  n. 
THE  AERODYNAMIC  LABORATORIES  OF  FRANCE. 

1.  THE  EIFFEL  LABORATORIES— EXPERIMENTS  MADE  AT  THE  EIFFEL 

TOWER. 

The  Eiffel  Tower  was  the  first  laboratory  utilized  by  the  celebrated 
engineer  in  his  researches  in  aerodynamics,  carried  on  during  the  past 
10  years.  Bodies  thrown  from  one  of  the  platforms  of  we  tower 
have  permitted  a  study  of  free  fall  in  calm  air. 

The  study  of  this  movement  admits,  furthermore,  of  being  made 
by  two  different  methods. 

The  first  of  these  methods  consists  in  determining  the  velocity  of 
uniform  movement  which  succeeds  the  varying  movement.  To  this 
velocity  corresponds  a  resistance  of  the  air  eaual  to  the  weight  P  of 
the  body.  By  augmenting  the  weight  of  the  Dody  without  dianging 
the  surface,  as  by  the  addition  of  suitable  ballast,  it  is  possible  to 
increase,  at  the  same  time,  the  limiting  uniform  velocity  V  of  the 
movement.  The  comparison  of  the  different  values  of  r  with  the 
corresponding  values  of  F  provides  a  means  for  developing  a  law  of 
variation  of  resistance  as  a  function  of  velocity.  Such  is  the  principle 
of  the  method  applied  in  1892  by  Cailletet  and  CJolardeau  from  the 
second  story  of  tne  Eiffel  Tower  (120  meters  =  394  feet  above  the 
ground). 

Instead  of  limiting  himself  to  the  study  of  that  part  of  the  free  fall 
that  corresponds  to  imiform  movement,  M.  Eiffel  registers  the  values 
of  the  velocity  and  of  the  resistance  of  the  air  at  each  instant  of  the 
fall.    The  principle  involved  in  this  investigation  is  the  following: 

The  surface  imder  investigation,  a  plane  for  example,  falls  freely, 
remaining  horizontal.  It  is  supported  by  a  spring,  of  which  the  dis- 
placements are  inscribed  on  a  cylinder  revolving  with  a  velocity 
directly  proportional  to  that  of  the  fall  of  the  system  under  investi- 
gation. The  compression  of  the  sprins,  as  a  result  of  the  resistance 
of  the  air,  gives  rise  to  a  force  which,  by  a  suitable  calibration,  may 
be  determined  as  a  fimction  of  the  displacements  of  this  spring.  This 
force  produces  equiUbrium  with  the  following  system  of  forces 

(1)  The  weight  of  the  system. 

(2)  The  forces  of  inertia  which  act  upon  it. 

(3)  TTie  resistance  of  the  air. 

It  is  then  possible  to  calculate  this  last  force  when  the  acceleration 
of  Hie  system  is  known.  To  this  end  it  is  sufficient  to  inscribe,  by 
means  of  a  tuning  fork,  the  time  of  fall  on  the  same  cylinder  whereon 
are  recorded  the  compressions  of  the  spring. 

In  a  certain  experiment,  when  the  combined  weight  of  the  plate 
with  its  spring  and  support  was  4.494  kilograms  (9.887  pounds),  the 
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following  determinations  were  made,  in  one  case  at  the  end  of  60 
meters  of  fall  (196.8  feet)  and  in  the  other  case  at  the  end  of  95  metero 
(311.6  feet): 

At  the  end  of  60  metecs: 

Force  of  inertia 8.76  kg. 

(Absolute  value.) 

Tension  of  spring 4.15  kg. 

Resistance  of  the  air 4.90 1^. 

Difference -^0.75  kg. 

At  the  end  of  95  meters: 

Force  of  inertia 8.36  kg. 

(Absolute  value). 

Tension  of  spring '  6.15  kg. 

Besistance  of  the  air 7.30 1^. 

Difference a*1.15  kg. 

These  numbers  show  that  under  the  existing  conditions  (total 
weight  of  plates,  of  spring,  and  of  support  rather  nigh)  the  difference 
between  tne  tension  of  me  spring  and  the  resistance  of  the  air  is 
clearly  measurable. 

By  this  method,  M.  Eiffel  has  studied  the  resistance  of  the  air  on 
planes  of  which  the  surfaces  varied  from  1/16  square  meter  (0.67 
square  foot)  to  1  square  meter  (10.77  square  feet)  and  of  which  the 
velocities  of  fall  ranged  between  18  and  40  meters  per  second  (59  to 
131.2  feet).  These  high  velocities  have  made  it  possible  to  operate 
in  the  open  air  with  mgh  precision  in  cahn  weather  and  as  long  as 
wind  velocities  did  not  exceed  2  to  3  meters  per  second  (6.56  to  9.84 
feet  per  second).  The  results  obtained  by  these  experiments  are 
excellent  for  planes  falling  horizontally.  ^  They  are  less  worthy  of 
confidence  for  planes  inclined  to  the  vertical. 

2.  THE  EIFFEL  LABORATORY— METHOD  BT  THE  USE  OF  AN  ARTOIGIAL 

CURRENT  OF  AIR. 

This  method,  which  consists  in  placing  a  model  in  the  cylinder  of 
air  flow  created  by  a  f an,  should  be  appned  with  the  following  pre- 
cautions: 

(1)  It  is  necessary  that  the  model  should  be  placed  in  a  mass  of 
air  theoretically  indefinite,  practically  very  great,  and  having  a 
velocity  constant  in  mamituae  and  in  direction. 

The  section  of  the  crander  of  air  should  be  sufficiently  large,  in 
order  that  at  the  periphery  the  velocity  of  the  air  may  be  sensibly 
the  same  in  mamitude  and  in  direction  as  that  of  the  air  which  haa 
not  yet  approawed  the  obstacle.  In  this  method  it  is  necessary  to 
realize,  first  of  all,  a  cylindrical  current  of  air.  and  then  to  introduce 
,^  into  this  current  a  body  of  dimensions  so  small  by  comparison  that  its 
presence  shall  not  produce  any  sensible  disturbances  at  the  periph- 
ery of  the  current.  Experience  has  shown  that  the  ratio  of  the  great- 
est dimension  of  the  model  to  the  diameter  of  the  cylindrical  current 
should  not  exceed  45  per  cent. 

(2)  It  is  very  necessary  that  the  model  under  investigation  shad 
be  practically  isolated  in  the  current  of  air;  that  is  to  say,  that  the 
support  of  the  model  shall  play  only  a  negligible  r6le  and  shall  intro- 
duce no  perturbations  of  importance. 
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(3)  It  is  necessary  that  the  model  adopted  shall  not  be  too  small  in 
size  if  it  is  desired  to  extend  in  a  more  or  less  significant  manner  the 
residts  obtained  with  such  model  to  full-sized  apparatus. 

In  fact,  when  a  study  is  made  of  the  distribution  of  pressure  over 
the  various  points  of  a  plate,  for  example,  either  on  the  face  directly 
exposed  to  the  action  of  the  current  of  air,  or  on  the  reverse  face,  it 
is  found  that  this  distribution  becomes  regular  only  at  a  certain  dis- 
tance from  the  border.  There  exists,  both  in  front  and  behind,  a 
central  zone  in  which  a  regular  regimen  is  established,  which  is  mani- 
fest by  isobars  paraUel  to  the  forward  edge.  In  order  that  this  cen- 
tral zone  may  be  studied,  it  is  necessary  that  the  dimensions  of  the 
plate  under  investigation  be  sufficiently  large.  In  fact,  the  width  of 
the  marginal  zone  in  which  the  pressures  are  irregularly  distributed 
does  not  vary  proportionally  witn  the  dimensions  of  the  plate.  The 
experiments  of  M.  de  Guiche  show  that  this  width  varies  but  little 
with  the  dimensions  of  the  plate.  In  operating  on  thin  rectangular 
planes  with  the  attacking  edge  perpendicular  to  ttie  direction  of  move- 
ment, M.  de  Guiche  has  found  that  the  mai^inal  bands  of  irregular 
condition  have  a  sensibly  constant  width,  equal  to  20  centimeters 
(7.88  inches)  in  front  and  to  40  or  50  centimeters  (1 5.76  to  19.7  inches) 
at  the  rear.  He  concludes  that  it  is  well  not  to  operate  with  planes 
having  a  spread  less  than  1  meter  (3.28  feet) .  In  tne  study  of  curved 
surfaces,  M.  de  Guiche  found  marginal  bands  of  disturbance  of  which 
the  sensibly  uniform  width  scarcely  exceeded  20  centimeters  (7.88 
inches)  on  the  two  faces.  It  is  well,  therefore,  to  use  only  surfaces 
whosespreadsaTesuperiorto40centimeters(15.76inches).    Whenlesser 

Spreads  are  employed  the  results  obtained  by  the  use  of  small  models 
o  not  permit  of  deducing^in  a  sufficiently  precise  manner,  the  results 
which  ^ould  be  given  by  the  wings  of  an  airplane  of  normal  size.  Lei 
the  case  of  very  small  models  the  mode  of  distribution  of  pressure  has 
but  a  very  remote  relation  to  that  which  would  be  found  on  wings  of 
normal  dimensions. 

This  condition  of  only  using,  for  experimental  purposes,  models  of 
sufficient  dimensions  leads,  in  the  method  by  the  tise  of  an  artificial 
current  of  air,  to  the  employment  of  very  large  sections  for  the  cylin- 
der of  air.  For  example,  a  study  of  planes  having  a  spread  of  1  meter 
(3.28  feet)  can  only  be  made  in  a  cyhnder  of  air  of  which  the  diameter 
is  greater  than  100/.45  «  220  centimeters  (S6.7  inches) .  approximately. 
As  to  curved  surfaces,  it  would  be  sufficient  to  provide  a  cylinder  of  a 
diameter  greater  than  40/.45— 89  centimeters  (35  incheid,  approxi- 
mately. 

In  France,  M.  Rateau  has  utilized  the  method  by  the  use  of  an  arti- 
ficial current  of  air.    His  apparatus  comprises  the  following  items: 

(1)  A  helicoidal  fan,  1.2  meters  diameter  (47.3  inches). 

(2)  A  wooden  chamber,  1.5  meters  on  the  side  (59.1  inches).  The 
purpose  of  this  chamber  is  to  suppress,  by  means  of  suitable  parti- 
tions, the  turbulence  produced  by  the  fan  and  to  create  a  current  of 
air  with  the  velocities  of  movement  equal  and  parallel  throughout 

(3)  An  outiet  orifice  of  0.7  meter  (27.6  inches)  diameter  from  whence 
issues  a  cylindrical  current  of  the  same  diameter. 

(4)  A  weighing  balance  located  in  the  outside  air  at  a  littie  distance 
from  the  orifice  tiirough  which  the  current  of  air  issues. 
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Such  an  apparatus  would  permit  of  realiziiig  velocities  of  the  air 
reaching  35  meters  (114.8  feet)  per  second.  The  diameter  of  the  c^rl- 
inder  of  air,  however,  b  too  small.  M.  Rateau  was  not  justified  in 
introducing  into  this  current  plates  30  by  50  centimeters  (11.8  by  19.7 
inches)  or  biplanes  15  by  50  centimeters  (5.9  by  19.7  inches)  (separar 
tion  of  planes  20  to  30  centimeters —7.9  to  11.8  inches).  Tlie  sup- 
ports 01  the  objects  under  investigation  and  of  the  measuring  ^ujp- 
ment  were  too  lai^,  causing  very  considerable  perturbations.  The 
experiments  of  M.  Kateau  should  De  noted  as  of  historic  interest,  but 
they  can  be  scarcely  considered  as  having  a  definitive  value. 

Much  more  complete  and  certain  are  the  results  obtained  by  the 
installation  of  M.  Eiffel.  The  Eiffel  apparatus  comprises  the  foU 
lowing  items: 

(1)  An  orifice  from  which  issues  a  cylindrical  current  of  air. 

(2)  An  experimental  chamber  where  the  air  is  at  a  pressure  less 
than  normal  and  where  are  located  the  experimenters  and  the 
measuring  apparatus. 

(3)  A  diffuser. 

(4)  A  fan  placed  at  the  end  of  the  diffuser. 

The  current  of  air  which  enters  through  the  orifice  in  the  wall  of 
the  experimental  chamber  and  which  leaves  through  the  opening  of 
the  diffuser  placed  in  the  wall  opposite  and  paralld  to  the  first,  is  a 
cturent  of  air  produced  by  aspiration  and  not  by  pressure,  as  in  the 
installation  oi  M.  Rateau.  The  aspiration  removes  the  influence 
due  to  the  turbulence  produced  by  the  fan,  and  a  regulating  box 
for  the  current  of  air  in  front  of  the  orifice  is  not  necessary.  However, 
certain  grillages  placed  in  the  openings  for  entrance  to  and  issue 
from  the  experimental  chamber  play  we  rdle  of  regulator  for  the 
current  of  fur. 

In  the  laboratory  of  the  Champ  de  Mars  the  fan  was  placed  near 
the  opening  through  which  the  air  leaves  the  chamber.  A  larse 
conduit  of  wood  received  the  air  issuing  from  the  fan  and,  gradually 
reducing  in  size,  conducted  it  through  a  passage  ending  in  the  shea, 
whence  the  air  was  drawn  into  the  orifice  through  which  it  entered 
the  experimental  chamber. 

The  cylinder  of  air  had  a  diameter  of  1.5  meters  (59.1  inches). 

The  maximum  velocity  of  this  air  was  equal  to  18  meters  (59  feet) 
per  second,  or  65  kilometers  (40.4  miles)  per  hour.  Hie  fan  em- 
ployed, of  the  centrifugal  type,  delivered  31  meters*  (1,095  cubic 
feet)  per  second,  corresponding  to  a  velocity  of  18  meters  per  second 
and  to  the  circular  section  of  1.5  meters  diameter,  requiring  60 
horsepower. 

The  laboratory  installed  at  Auteuil  by  M.  Eiffel  is  much  more 
powerful.  The  cylinder  of  air  of  the  laree  equipment  has  a  diameter 
of  2  meters  (6.56  feet).  Velocities  of  tne  air  may  be  realized  from 
2  to  30  meters  (6.56  to  98.4  feet)  per  second.  A  second  smaller 
cvlinder  of  air^  having  a  diameter  of  1  meter  (3.28  feet),  parallel  to 
tne  first,  provides  velocities  from  2  to  40  meters  (6.56  to  131.2  feet) 
per  second. 

The  60  horsepower  is,  however,  not  exceeded  in  this  new  installa- 
tion, ill  which  tne  delivery  of  90  cubic  meters  of  air  (3,179  cubic  feet) 
per  second  may  be  realized,  corresponding  to  the  circular  section  of 
2  meters  diameter  and  a  velocity  of  100  kilometers  (65.14  miles) 
per  hour. 
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This  increase  in  efficiency  is  realized  by  interposing  between  the 
experiment  chamber  and  the  fan  a  divergent  orifice  forming  a  diffuser. 
This  diffuser  has  a  diameter  equal  to  2  meters  at  the  outlet  from 
the  chamber;  it  connects  with  the  ring  of  a  helicoidal  fan  of  3.8 
meters  diameter  (12.46  feet),  providing  for  the  flow  of  the  air  a 
usefid  section  of  9  square  meters  (96.9  square  feet).  The  reductbn 
of  velocity  which  is  produced  by  passing  through  the  diffuser,  as  a 
result  of  the  progressive  increase  m  diameter,  raises  the  pressure  of 
the  air  by  a  certain  quantity  and  diminishes  correspondinglv  the 
power  which  must  be  furnished  to  the  fan  in  order  to  bring  tne  air 
to  atmospheric  pressure. 

The  measure  of  the  total  resistance  of  the  air  is  made  in  the  experi- 
ment room  by  means  of  a  balance,  into  the  detail  of  which  we  can 
not  here  enter. 

The  pressures  exerted  on  each  point  of  the  body  subjected  to  the 
action  of  the  current  of  air  are  aetermined  by  means  of  orifices  of 
very  small  diameter  fixed  normally  to  the  surface  at  various  points 
of  the  body  and  connected  with  manometers. 

This  installation  likewise  provides  for  determining,  with  reduced 
models  of  screw  propellers,  the  thrust  of  the  propeller  and  the  power 
required  on  the  shaft.  By  means  of  a  small  electric  motor  the  pro- 
peller is  turned  in  the  cylinder  of  air  produced  by  the  fan.  it  is 
assumed  that  by  this  means  the  same  conditions  are  realized  as 
though  the  propeller  itself  advanced  through  the  air. 

The  propeller  models  have  a  diameter  which  does  not  exceed  1 
meter  (3.28  feet).  In  a  cylinder  of  air  of  2  meters  (6.56  feet)  diam- 
eter the  propeller  model  is  thus  surrounded  by  a  mass  of  air  suffi.- 
ciently  thick  to  represent  action  in  an  ind^Bjiite  medium^ 

^  THE  AESOTECHNIC  INSTTTDTE  OF  SAINT-CTB. 

The  Aerotechnic  Institute  of  Saint-Cyr  was  created  by  M.  Henri 
Deutsch  de  la  Meurthe,  who  gave  it  as  a  gift  to  the  University  of 
Paris.  Its  purpose  is  to  follow  Unes  of  research,  both  theoretical  and 
practical,  tending  to  the  improvement  of  the  means  of  aerial  locomo- 
tion in  all  its  forms,  these  researches  being  carried  out  under  condi- 
tions as  nearly  as  possible  similar  to  those  actually  in  practice. 

In  order  to  realize  this  program,  there  was  constructed  on  the  level 
a  railway  1,350  meters  in  lei^h  (4,428  feet),  on  which  are  operated 
special  cars. 

The  car  for  the  tests  of  surfaces  and  of  airplanes  is  an  electric  tractor 
with  normal  gauge. 

The  principal  waracteristics  are  as  follows: 

Weight,  not  equipped,  6  tons. 
Length,  6  meters  (19.7  feet). 
Width,  2  meters  (6.56  feet). 
Height,  1.10  meteiB  (3. 61  feet). 

The  current  is  taken  by  lateral  shoes  sliding  on  conductors  placed 
on  either  side  of  the  line. 

Tlie  motor  is  of  130  horsepower  capacity,  separately  excited.  It 
is  geared  to  two  intermediate  shafts,  upon  which  are  placed  pinions 
which  transmit  the  movement  to  the  forward  and  rear  aSdes  by  Renold 
chains.  All  the  shafts  of  the  motor  and  axles  are  provided  with, 
roller  bearings. 
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The  brake  is  applied  electrically,  with  a  safety  provision,  by  means 
of  shoes  at  the  rear,  engaging  at  the  end  of  the  line  on  a  sUding  way. 

The  control  is  exercised  from  an  operating  cab  by  means  of  a  con- 
troller and  an  adjustable  automatic  accelerator. 

The  maximimi  velocity  of  the  cor  is  about  20  meters  (65.6  feet)  per 
second. 

The  car  is  furnished  with  a  special  mounting  providing  for  rois- 
tering the  following  items: 

(1)  TTie  vertical  component  force  or  lift. 

(2)  The  horizontal  component  force  or  drift.  (These  together 
define  the  resistance  of  the  air  in  magnitude.) 

(3)  A  rotating  couple,  from  which,  with  the  preceding,  may  be 
derived  the  location  of  the  resistance  considered  as  a  single  force. 

The  relative  velocity  of  the  body  under  trial  with  relation  to  the 
air  is  determined  by  measuring  the  absolute  velocity  of  the  car  with 
reference  to  the  ground  and  adding  or  subtracting  the  velocity  of  the 
wind  according  to  the  direction  of  the  line  on  which  the  car  runs. 

The  absolute  velocity  of  the  car  with  reference  to  the  ground  is 
measured  b^  means  of  a  registering  speed  instrument  giving  directly 
the  revolutions  of  an  axle.  Furtnermore,  there  is  installed  along 
the  line  a  system  of  electric  contacts  inscribing  points  of  reference  on 
the  cylinder  of  a  precision  chronograph.  Tina  cylinder  permits  a 
measurement  (to  1/200  second  or  to  1/10  second)  of  the  time  required 
by  the  car  for  traversing  a  known  distance — ^95.9  meters  exactly 
(314.55  feet). 

In  order  to  have  the  correction  due  to  the  wind,  measurement  is 
made,  at  a  fixed  point  on  the  line  where  the  tests  are  made,  of 
the  magnitude  and  direction  of  the  wind.  The  velocity  of  the  wind 
is  measured  by  an  anemocinemographe,  which  is  extremely  sensitive 
(20  millimeters  (0.788  inch)  for  1  meter  (3.28  feet)  per  second  veloc- 
ity). The  direction  of  the  wind  is  measured  by  a  self-registering 
wmd  vane.  Furthermore,  the  correction  for  the  wind  can  not  be 
made  with  satisfactory  rigor  unless  the  average  velocity  of  the  wind 
is  at  least  equal  to  2  meters  (6.56  feet)  per  second. 

A  car  of  the  same  tyi>e  as  the  preceding,  but  more  robust,  serves 
for  the  study  of  an  entire  airplane.  These  experiments,  stiU  in  an 
introductory  stage,  have  been  carried  out  on  a  two-passenger  machine 
of  the  B16not  type.  The  characteristics  of  this  mono^ane  are  as 
follows: 

Tail  plane  (pigeon  tail). 

Span,  11.10  meters  (36  feet). 

Length,  9  m^ten  (29.5  feet). 

Surtace  of  the  winra,  25.35  square  meten  (272.8  square  feet). 

Angle  of  the  ehordof  the  wings  with  the  tail  plane,  6^. 

The  ensemble  of  tins  apparatus  was  studied  for  throe  positions  of 
the  depth  rudder: 

(a)  Kudder  in  the  prolongation  of  the  tail  plane. 

(()  Rudder  turned  18^  downward  with  reference  to  the  tail  plane. 

(c)  Rudder  turned  61^  upward  with  reference  to  tiie  tail  plane. 

Experimental  speeds  15  to  18  meters  (49.2  to  59  feet)  per  second 
(54  to  65  kilometers  (33.5  to  40.4  miles)  per  hour). 

A  special  car  serves  for  the  studyof  propellers. 

The  propellers  are  full  sized.  They  are  mounted  on  the  special 
oar  which  they  serve  to  propel.    This  car  carries  a  framework  whicb 
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makes  it  passible  to  cany  the  propeller  at  a  distance  from  the  car 
itseU  and  to  operate  the  propeller  as  though  it  were  placed  in  an 
iQdefinite  medium.  On  the  car  is  an  SO-horsepower  motor  which 
operates  the  propeller  shaft  by  means  of  a  transmission  similar  to 
tnat  which  is  found  on  diri^b(e  balloons. 

The  axles  of  the  car  are  free  and  the  speed  of  the  car  is  due  solely 
to  the  pull  of  the  propeller.  A  lever  brake  is  provided  which  is 
applied  dj^  the  operator  who  rides  on  Hie  car.  This  brake  is,  further- 
more,  similar  to  that  which  is  used  on  the  car  for  testing  surfaces. 
The  control  of  the  car  is  carried  out  from  an  operatiQg  cab  similar 
to  that  for  the  car  previously  described. 

The  return  of  the  propeller  car  is  obtained  by  running  the  propeller 
backward  at  reducea  speed  in  order  to  avoid  undue  strain.  The  pull 
of  the  propeller  is  measured  by  means  of  a  dynamometer  inserted 
between  a  movable  bar  articulated  at  its  base  and  the  fixed  frame- 
work of  the  car. 

The  power  absorbed  by  the  propeller  is  measured  in  two  different 
wavs: 

(a)  By  means  of  a  wattmeter  registering  the  electric  power  required 
by  the  motor. 

(6)  By  means  of  a  transmission  dynamometer  registering  the 
couple  required  to  drive  the  propeller. 

These  two  pieces  of  apparatus  are  standardized  bv  means  of  a 
Renard  brake,  which  is  attached  to  the  shaft  in  place  of  the  propeller. 

The  velocity  of  the  car  is  determined  by  the  same  two  methods  as 
above  noted  for  investigating  surfaces. 

The  number  of  revolutions  of  the  propeller  is  measured  by  means 
of  a  registering  counter. 

The  relative  velocity  is  obtained  by  making  a  correction  for  the 
wind,  the  same  as  in  the  case  for  surfaces. 

The  velocities  realized  have  not  exceeded  20  meters  (65.6  feet) 
per  second. 

The  Aerotechnic  Institute  has  undertaken  to  make  a  series  of  tests 
on  airplanes  in  free  flight. 

M.  Toussaint,  assistant  director  of  the  institute,  has  carried  out 
the  following  investigations: 

First,  on  a  Maurice  Farman  biplane,  piloted  by  Capt.  Et6v6. 

Second,  on  a  BI6riot  monoplane,  piloted  by  Lieut.  Gouin. 

The  following  items  of  equipment  were  installed: 

(1)  A  recorder  of  relative  velocity  giving  the  speed  of  the  airplane 
relative  to  the  air. 

(2)  A  registering  wind  vane  giving  the  inclination  of  the  wind  to 
the  chord  of  the  planes. 

(3)  A  roistering  clinometer  giving  the  longitudinal  inclination  of 
the  airplane  relative  to  the  horizontal. 

(4)  A  registering  barograph,  very  sensitive  up  to  500  meters. 

(5)  A  registering  revomtion  coimter  giving  the  speed  of  the  engine. 

(6)  A  register  of  the  movement  of  the  depth  rudder. 

(7)  A  register  of  the  warping  of  the  planes. 

AH  these  reg^terin^  instruments,  except  the  revolution  register, 
are  provided  with  cylmders  of  such  proportions  as  to  give  a  length 
of  diagram  of  292  millimeters  (11.5  mcnes)  in  26  minutes — that  is, 
11.2  millimeters  (0.442  inch)  per  minute.  With  this  velocity  of 
movement  of  the  record  one  may  judge  the  periods  of  steady  condi- 
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tions  exceeding  10  to  20  seconds  duration.  Quantitative  measures 
can  not  be  properly  drawn  from  periods  of  steady  condition  having 
less  than  this  duration. 

In  order  to  assure  a  perfect  agreement  in  time  between  the  different 
diagrams,  or,  in  other  words,  m  order  to  be  perfectly  sure  that  the 
points  taken  as  corresponding  do  indeed  relate  exactiv  to  the  same 
mstant  of  flight,  each  roister  is  Provided  with  a  supplementary  pen 
moved  by  an  electromagnet.  Tnroughout  the  course  of  the  flight 
the  pilot  by  closing  the  circuit  at  sufficiently  dose  intervals  causes 
these  pens  to  roister  simultaneously  on  all  the  dis^ams. 

The  reference  points  thus  traced  are  all  in  synchronism,  and  thus 
provide  an  assurance  of  perfect  accord  for  measurements  made  in  the 
vicinity  of  these  points. 

In  order  to  protect  the  instruments  from  vibrations  and  shocks, 
they  are  provided  with  elastic  suspension  in  their  cases. 

We  shall  not  enter  into  the  details  of  the  description  of  these  various 
instruments.  We  note  simply  that  the  register  for  velocity  relative 
to  the  air,  as  well  as  the  airection  vane,  should  be  placed  in  such 
manner  as  to  avoid  the  turbulence  produced  by  the  propeller,  the 
planes,  and  the  body. 

The  register  for  the  movements  of  the  depth  rudder  and  for  the 
warping  of  the  planes  was  installed  on  the  Bl^riot.  This  gives  on 
one  cylmder  the  movements  of  the  handwheel  barrel.  It  comprises 
simply  a  system  of  axes  with  tracing  points,  parallel  between  them- 
selves and  perpendicular  to  the  axis  of  the  registering  cylinder. 
Each  one  oi  these  axes  carries,  on  the  one  hand,  a  lever  connected 
to  the  barrel  by  a  wire,  and,  on  the  other  hand,  a  stylus  or  mark^ 
pen.  A  return  spring  fixed  on  the  lever  serves  constantly  to  main- 
tain the  wire  under  tension.  This  wire  is  attached  to  the  barrel  at 
the  same  point  as  the  cable  which  operates  the  corresponding  control; 
it  passes  over  little  pulleys  and  is  thus  carried  to  the  register.  The 
movements  of  the  stylus  for  the  position  of  the  barrel  corresponding 
to  horizontal  flight  and  to  various  inclinations  of  the  depth  rudder 
are  marked  on  the  register,  the  axis  of  the  propeller  in  repose  being 
horizontal.  Similarly  reference  marks  are  determined  in  repose  for 
the  movements  of  the  stylus  registering  the  warping  movements  of 
the  planes.  In  the  apparatus  oi  the  institute  the  needle  rises  when 
the  barrel  is  carried  to  the  left;  it  descends  when  it  is  carried  to  the 
right. 

The  Aerotechnic  Institute  possesses  also  an  installation  for  the 
study  of  small  models  by  means  of  a  fan.  The  fan  absorbs  120 
horsepower,  providing  for  a  flow  in  an  experimental  section  of  2 
meters  (6.56  feet)  diameter  of  a  current  of  air  of  40  meters  (131.2 
feet)  per  second  or  144  kilometers  (89.4  miles)  per  hour.  The  total 
delivery  amounts  to  125  cubic  meters  (4,412  cuoic  feet)  per  second. 
This  apparatus  is  under  trial. 

There  is  also  at  the  Institute  of  Saint-Cyr  a  covered  installation 
for  the  study  of  small  models.  The  diameter  of  the  rotimda  is  equal 
to  38  meters  (125  feet).  The  turning  arm  is  about  16  meters  (52.5 
feet)  in  length.  The  velocity  at  the  extremity  is  90  to  95  kilometers 
(66  to  59  miles)  per  hour. 
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4.  THE  LABORATORY  OF  M.  DE  GUECHE. 

M.  de  Ghiiche  has  instituted  a  systematic  series  of  experiments  by 
the  method  of  displacing  the  body  mider  investigation  in  quiet  air. 

The  body  (use  so  f ar  nas  been  made  of  plates  in  various  forms)  is 
carried  by  an  automobile.  Two  vertical  pillars  fixed  to  the  machine 
carry  at  their  upper  extremities  a  horizontal  axis  on  which  are  placed 
the  various  plates  under  investigation.  These  plates  are  provided 
at  their  lateral  extremities  with  two  graduated  half  circles,  which, 
by  means  of  a  needle  carried  by  each  pillar,  serve  to  measure  theip 
inclination  relative  to  the  line  of  movement.  The  pillars  are  of  suffi- 
cient heij^ht  and  so  placed  that  the  turbulence  produced  by  the 
automobue  itself  is  not  felt  in  their  neighborhood.  In  particular, 
M.  de  Gliiche  has  found  it  advantageous  to  carry  the  mounting  on 
the  rear  of  the  automobile  rather  than  on  the  iront.  The  wheels 
and  the  body  throughout  are,  furthermore,  suitably  shielded  in  order 
to  diminish  turbulence. 

M.  de  Guiche  thus  carries  out  a  sort  of  topographical  measure  of 
the  pressures  exerted  on  the  different  points  of  the  plates  both  on 
the  front  and  rear  sides. 

As  we  have  seen  previously,  M.  Eiffel  likewise  employs  this  method, 
but  he  determines  separately  the  pressures  at  tne  different  holes 
and  measures  each  time  the  velocity  of  the  current  of  air  by  means  of 
a  Pitot  tube.  As  this  velocity  is  somewhat  variable,  the  pressures 
are  reduced  to  what  they  would  be  if  the  velocity  were  constantly 
equal  to  10  meters  (3.28  feet)  per  second. 

^ut  in  operating  this  by  successive  observations  there  is  danger 
of  finding  between  the  determinations  marked  discordance. 

Therefore,  M.  de  Guiche  determines  at  the  same  time,  and  by  a 
single  experiment,  the  pressures  at  selected  points  in  as  large  a 
nimiber  as  possible.  To  this  end  the  plates  which  are  to  serve  for 
the  experiment  are  pierced,  each  with  holes  forming  two  series  of 
lines  cutting  each  other  at  right  angles  (for  planes,  lines  at  the  maxi- 
mum slope  and  horizontal  lines).  In  a  single  experiment,  and  at  the 
same  instant,  the  pressures  in  ail  these  points  of  the  several  lines  are 
measured. 

To  this  end,  20  orifices  ending  at  these  holes  on  the  various  lines 
are  provided  with  20  rubber  tubes  connecting  theni  with  20  httle 
manometers.  These  manometers  are  mounted  side  by  side  in  a 
frame  before  a  glass  provided  with  transverse  divisions  m  half  milli- 
meters. 

The  indications  of  all  these  manometers  are  inscribed  at  any  given 
instant  by  placing  them  in  a  photographic  chamber  where  the  atmos- 
pheric pressure  acts  upon  their  open  ends.  By  lighting  the  interior 
of  the  chamber  with  electric  lamps,  there  is  readily  produced  on  a 
photographic  plate  the  levels  of  the  liquid  in  the  different  manometers. 

It  may  be  asked  if  the  pressure  of  the  atmosphere  actually  prevails 
in  the  interior  of  the  photographic  chamber.  The  latter  can  not,  in 
effect,  be  perfectly  tight,  if  it  is  not  desired  that  it  should  operate  as 
an  air  thermometer.  It  is  then  possible  that  during  the  movement 
of  the  automobile,  currents  of  air  passing  through  small  apertures  of 
the  photographic  chamber  may  t€flid  to  produce  a  variation  of  pres- 
sure withm.    M.  de  Guiche  nas  assured  himself  by  many  experi- 


Digitized  by 


Google 


568  AEBONAUTICa 

ments  that  this  effect  is  entirely  absent  and  that  atmospheric  pres- 
sure prevails  throughout  the  interior  of  the  photographic  chamber. 

At  the  Institute  of  Saint-Cyr,  M.  Maurain,  who  nas  employed  the 
manometric  method,  undertook  to  establish  in  spite  of  tne  pertur- 
bations caused  by  the  movement  of  the  vehicle,  the  atmospheric 
pressiu^e  on  the  open  part  of  the  manometers  which  he  uses  for 
measuring  pressure.  To  this  end  the  oj>en  part  is  connected  to  a 
space,  completely  tight,  which  communicates  with  the  outside  air 
by  means  of  a  tube  placed  at  the  extremity  of  an  antenna.  The 
latter  is  placed  quite  far  from  the  surface  in  order  to  escape  variations 
of  pressure  which  are  produced  in  its  vicinity  (2.3  meters,  7.54  feet) 
in  front  of  the  surface  under  investigation  and  3.35  meters  (10.9  feet) 
above  the  body  of  the  car.  At  the  extremity  of  this  antenna  is  a 
tube  of  which  tne  useful  part  is  horizontal  and  cylindrical  and  is  ter- 
minated by  a  pointed  closed  cone  pointing  in  the  direction  of  move- 
ment. In  the  cylindrical  and  lateral  part  of  the  tube  are  formed 
small  circular  openings  of  1  millimeter  (0.04  inch)  in  diameter 
which  place  it  in  commimication  with  the  atmosphere.  M.  Maurain 
has  assured  himself  that  this  tube  placed  ui  a  current  of  air  of  20 
meters  (65.6  feet)  per  second  approxioGLately  parallel  to  the  current 
assumes  indeed  the  pressure  of  the  atmosphere. 

The  pressures  thus  determined  directly  are  reduced  to  the  values 
which  they  would  have  at  a  velocity  of  10  meters  (32.8  feet)  per 
second.  Cfurves  of  equal  pressure  may  then  be  traced,  thus  indicatmg 
the  condition  of  the  surface  of  the  body  and  showing  the  distribution 
of  pressure  over  the  same. 

Furthermore,  the  surface  of  the  body  is  divided  into  strips  of  a 
certain  width.  By  a  calculation  of  averages,  the  mean  pressure  is 
determiued  for  each  strip.  Multiplying  tms  by  the  surface  of  ea^h 
strip,  we  have  the  resistance  exerted  by  the  air  on  the  given  strip. 
As  the  surface  of  the  body  imder  investigation  is  perfectly  smootn, 
the  friction  of  the  air  on  such  surface  may  be  neglected.  The  force 
determined  is  then  normal  to  the  surface  of  the  body.  By  combining 
these  forces  by  the  well-known  methods  of  graphical  statics,  the  re- 
sistance of  the  air  over  the  entire  plate  may  be  ootained  in  magnitude 
and  location. 

Finally,  in  the  experiments  of  M.  de  (3uiche  the  automobile  should 
move  through  a  mass  of  air  motionless  as  a  whole.  To  this  end  the 
experiments  are  made  at  certaui  hours  on  favorable  days  over  a  road 
traversing  a  forest.  The  road  is  about  30  meters  (98.4  feet)  wide 
and  is  bordered  with  small  brush.  The  straight  part  in  which  the 
measures  are  taken  is  determined  at  its  two  ends  by  easy  turns. 
There  is  thus  avoided  the  establishment  of  a  r^ular  current  of  air 
along  the  axis  of  the  road. 

The  velocity  of  the  automobile  relative  to  the  ground  is  measured, 
correcting  it,  if  necessary,  for  the  component  of  the  wind  along  the 
direction  of  motion. 

5.  THE  LABORATORY  OF  CHALAIS-MEUDON  AND  THE  EXPERIMENTS 
OF  M.  LE  COMMANDANT  DORAND. 

The  aerotechnic  laboratory  of  CShalais-Meudon  is  celebrated  through- 
out the  entire  world  by  reason  of  the  work  of  Col.  Charles  Renard. 
It  is  there  that  were  made  the  studies  which  have  brought  the  solu- 
tion of  the  problem  of  the  dirigibility  of  balloons.    It  is  there  tJiat 
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hAye  been  established  by  precision  experiments  some  of  the  funda- 
mental laws  of  air  resistance.  It  is  there;  finally,  that  were  made 
certain  experiments  by  Capt.  Ferber,  experiments  which  shoidd  soon 
lead  to  the  French  solution  of  the  problem  of  ayiation. 

M.  le  Commandant  Dorand  has  bnlhantly  continued  the  labors  of 
these  eminent  predecessors.  The  experiments  made  here  on  air  pro- 
pellers haye  carried  a  long  step  forward  this  complex  question. 

They  were  made  on  propellers  of  normal  size  by  means  of  the  car 
method,  which  was  later  appUed  at  the  Institute  of  Saint-Cyr. 

The  propeller  to  be  tested  is  mounted  on  a  car  mqying  on  a  railroad. 
This  car  carries  a  dynamo  shunt  excited,  by  means  of  which  the  pro- 
peller is  turned  at  a  constant  speed.  On  the  same  car  are  placed 
registering  apparatus  for  thrust,  speed  of  car,  speed  of  rotation,  and 
power  absorbed. 

The  railroad,  of  1  meter  gauge  (3.28  feet),  on  which  moyes  the 
dynamometer  car,  has  for  half  of  its  length  a  uniform  ^rade.  It  is 
prolonged  by  a  leyel  run  and  then  by  an  ascent,  destined  to  diminish 
the  yelocit^r  of  the  car  before  apphcation  of  the  automatic  brakes. 
Theiy  is  utilized  in  this  manner  the  weight  of  the  equipment,  tixe 
effect  of  which  added  to  the  propulsiye  enort  of  the  propeller  giyes 
rapidly  to  the  yehicle  a  high  yelocity,  and  brings  it  back  to  the  point 
of  departure  after  the  experiment.  The  current  intended  for  the 
electnc  motor  is  brought  by  two  insulated  rails,  on  which  moye  slid- 
ing shoes  of  bronze  similar  to  those  which  are  used  for  electric 
rauroads. 

In  order  to  obtain  a  constant  electric  resistance  in  the  circuit,  no 
matter  where  the  car  may  be  on  the  track,  the  current  is  brought  to 
the  rails  at  two  opposite  extremities.  By  this  means  the  instruments 
for  the  measuring  of  electric  quantities  may  be  located  at  a  fixed 
point  and  not  on  the  yehicle. 

The  energy  is  transmitted  to  the  propeller  shaft  by  means  of  a  chain. 

In  order  to  measure  the  tractiye  pull  of  the  propeller  there  is  car- 
ried at  the  end  of  the  propeller  shaft  (turning  in  roller  bearings)  a 
roller  thrust  bearing  which  transmits  the  tractiye  effort  to  a  mano- 
metric  cell.  A  registering  dynamometer  thus  giyes  at  each  instant 
the  thrust  of  the  propeller. 

The  power  absorbed  by  the  propeller  is  obtained  by  means  of  indi- 
cations furnished  by  an  ammeter  and  a  yoltmeter  of  the  recording 
type,  preyiously  standardized  for  the  different  speeds  of  the  motor 
by  the  aid  of  a  Renard  brake. 

Chrono^aphs  indicating  the  origin  of  time  are  mounted  on  each 
of  the  registering  equipments  and  are  put  in  moyement  automatically 
at  the  same  moment. 

The  part  of  the  apparatus  proyided  for  the  measuring  of  the  pro- 
peller thrust  is  moyable  relatiye  to  the  car.  It  results  that  the 
tractiye  effort  directly  measured  represents  the  algebraic  sum  of  the 
following  forces: 

(a)  Tractiye  effort  on  the  leyel; 

(6)  +2>%,  p  being  the  weight  of  the  moying  system  and  h  the  change 
of  leyel  per  meter  run  ; 

(c)  Inertia  «  —  ^^^  ff  being  the  acceleration  due  to  grayity,  and 
^  the  acceleration  of  the  motion  of  the  car. 
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The  tractive  effort  on  the  level,  which  interests  us  here,  is  then 
equal  to  the  tractive  effort  measured  directly,  diminished  by  ph  and 

augmented  ^7  ^7^*    ^o^  ^t^  acceleration  which  remains  near  0.8 

meter  second  (2.6  feet  per  secO^  this  last  correction  is 

PX^=0.0815  2>. 

As  2>  is  always  less  than  60  kilograms  (132  pounds),  this  correction 
is  about  5  kilograms  (11  poimds). 

The  maximum  speed  of  the  dynamometer  car  has  been,  in  these 
experiments,  equal  to  14.6  meters  (47.9  feet)  per  second. 

M.  le  Commandant  Dorand  made,  at  the  mihtary  aerodrome  of 
Villacoublay,  numerous  trials  with  a  biplane  of  his  construction,  and 
piloted  by  Labouch^. 

This  flying  laboratory  is  a  biplane  with  planes  stepped  toward  the 
front;  it  is  provided  with  an  engine  of  60  horsepower,  with  tractor 
propeller.  •* 

During  a  horizontal  flight  the  following  measures  were  made: 

(a)  Thrust  of  the  propeller. 

(6)  Speed  of  rotation  of  the  propeller  shaft  or  of  the  engine. 

{c)  Speed  of  the  airplane  relative  to  the  air. 

id)  Angle  of  incidence  of  the  planes. 

The  measures  are  instantaneous.  At  the  desired  moment  in  hori- 
zontal flight  the  pilot  presses  on  a  button  and  thus  determines  the 
repstration  of  dl  the  measures  to  be  made. 

The  frame  of  the  engine  is  mounted  in  a  dynamometer  balance  on 
a  shaft  carried  on  roller  bearing.  The  moment  of  the  thrust  of  the 
propeller  relative  to  this  axis  is  balanced  by  that  of  two  hydraulic 
cells.  Recording  manometers  give  the  pressure  at  the  cells  and  thus 
furnish,  through  the  lever  relation,  the  thrust  of  the  screw  itself. 
The  recording  drums  are  set  in  motion  at  the  instant  of  start  of  the 
airplane;  chronograph  markers  moved  electrically  indicate  on  each 
sheet  the  precise  place  where  the  reading  is  to  be  made. 

The  action  of  the  air  on  that  part  of  the  balance  comprising  the 
engine  and  its  supports  gives  rise  to  a  force  which  must  be  added  to 
that  which  is  measured,  if  it  is  desired  to  know  the  true  thrust  of  the 
propeller.  In  order  to  make  this  correction,  the  entire  system  with- 
out the  propeller  is  placed  in  a  current  of  air.  The  velocity  of  this 
is  measured  as  well  as  the  resistance  which  it  develops. 

The  measure  of  the  thrust  of  the  propeller  gives  the  resistance  of 
the  airplane  at  any  given  instant  of  its  horizontal  flight. 

In  order  to  measure  the  speed  of  rotation  of  the  engine,  there  is 
mounted  on  the  shaft  a  cyDnder  of  ebonite  covered  over  half  its 
circumference  with  a  sheet  of  copper.  Two  brushes  installed  in  the 
circuit  of  an  electric  chronograph  rest  on  this  cyUnder.  At  each 
revolution  of  the  engine  there  is  an  interruption  of  the  current  and 
hence  a  jog  on  the  c&onograph  sheet. 

The  measure  of  the  relative  velocity  through  the  air  is  made  by 
means  of  a  Venturi  tube.  We  may  note  here  that  the  operation  of 
this  apparatus  has  been  made  at  the  Aerotechnic  Institute  of  Saint- 
Cyr,  the  subject  of  a  very  careful  and  systematic  investigation. 
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The  aQ^le  of  incidence  is  obtained  by  means  of  a  clinometer  formed 
by  a  pendulum  dampened  in  ^ycerine.  A  pointer  which  moves  oyer 
a  scale  indicates  at  each  instant  the  angle  of  the  chord  of  the  planes 
witih  tiiB  horizon. 

Experiments  in  gliding  flight  have  also  been  made  with  this  equip- 
ment. They  require  tne  knowledge  of  the  ^adient  of  the  path 
during  the  elide,  or  the  an^le  of  the  relative  aur  movement  with  the 
horizon.  Tois  item  is  furnished  by  means  of  a  vane  with  horizontal 
axis. 

e.  THE  AVUTION  LABORATORY  OF  VINCENNES  AND  THE  EXPERIMENTS 

OP  OAPT.  OUVE. 

The  ministry  of  war  has  instituted,  imder  the  charge  of  the  artillery 
school  at  Vincennes,  a  laboratory  which  is  specially  concerned  witn 
researches  in  aviation. 

Among  the  investigations  carried  out  in  this  laboratory,  we  should 
note  here  the  measurements  made  by  Capt.  Olive  on  airplanes  of 
normal  dimensions.    The  principle  of  the  method  was  as  follows: 

Let  us  consider  a  body  ngidly  suspended  from  a  trolley  which  rides 
on  a  rectilinear  inclined  cable.  Let  us  assume  that  tne  body  pos- 
sesses a  plane  of  symmetry  which  also  contains  the  cable.  The  body 
imder  investigation,  descending  along  the  cable  in  such  manner  that 
its  plane  of  symmetry  is  displaced  parallel  to  itself,  is  subjected,  at 
each  instant,  to  the  following  forces: 

(1)  The  action  of  gravity  applied  at  the  center  of  gravity. 

(2)  The  resistance  of  the  air  applied  at  a  point  which  we  may 
designate  by  p. 

(3)  The  force  of  inertia  applied  at  the  center  of  gravity. 

These  forces  may  be  decomposed  parallel  and  perpendicular  to  the 
cable.  The  components  of  the  weight  are  opposed  to  those  of  the 
resistance  of  the  air;  those  of  the  force  of  inertia  are  parallel  to  them. 

Graphic  record  is  made  of  the  magnitude  of  the  components  par- 
allel and  perpendicular  to  the  cable.  When  the  system  is  in  a  state 
of  rest,  the  weight  acts  alone.  The  mode  of  recording  thus  provides 
for  the  elimination  of  the  effects  due  to  gravity. 

The  body  under.in\BBstigation  is  allowed  to  descend  along  the 
cable,  with  the  trolley,  to  which  it  is  rigidly  attached.  At  a  given 
Inoment  the  acceleration,  a,  of  the  system  is  measured  and  record  is 
made  of  the  components  of  the  resistance  of  the  air  and  of  the  force 
of  inertia. 

The  acceleration  a  is  measured  in  the  following  manner:  When  a 
pendulum  is  mounted  on  a  support  which,  itself,  is  given  a  movement 
of  translation  with  an  accelerated  velocity,  it  tends  to  place  itself  at 
each  instant  in  a  position  such  that  the  angular  deviation  from  the 
vertical  is  connected  with  the  acceleration  a  by  the  equation 

ft    « 

D  sss  — 
^        ff 

The  angle  P  is,  in  general,  quite  small.  This  principle  has  been 
realized  in  the  following  manner: 

A  car  moves  on  an  aeriaj  monorail  formed  by  a  cable  stretched 
between  two  posts.    The  airplane  under  investigation  is  suspended  ^ 
from  this  car  by  means  of  a  bar  to  which  it  is  attached  through  a' 
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network  of  wires  forming  trian^leSi  thus  giving  the  equivalent  of  a 
rigid  connection  in  every  direction.  In  order  that  these  wires  may 
remain  under  tension  during  the  experiment,  it  is  necessary  that  the 
weight  of  the  airplane  shall  be  greater  than  the  upward  thrust  received 
from  the  air  durmg  the  movement. 

The  bar  connecting  with  the  car  is  attached  thereto  by  means 
which  transmit  separately  to  dynamometer  springs,  on  the  one  hand, 
the  forc^  normal  to  the  cable,  and,  on  the  other,  the  forces  parallel 
to  the  cable.  The  movements  of  the  springs  are  recorded  on  a  moving 
cylinder. 

The  cable  on  which  the  car  rolls  shows  a  general  inclination  in  such 
manner  that  the  movement  of  the  apparatus  may  be  produced  by 
the  action  of  gravity. 

The  experiment  should  be  carried  out  in  a  part  of  the  cable  where 
the  inclination  is  practically  constant  in  order  to  avoid  the  need  of 
taking  account  of  the  varying  components  of  gravity  and  of  the  force 
of  inertia  produced  by  the  curvature  of  the  cable. 

At  Vincennes  the  cable,  which  is  155  meters  (508  feet)  long,  is 
carried  by  two  piUars  which  are  installed,  one  on  the  summit  of  a 
hill  of  about  20  meters  (65.6  feet)  height,  the  other  on  the  crest  of  an 
embankment.  The  maximimi  deflecuon  of  the  cable  varies  between 
1.4  meters  (4.6  feet)  without  load  to  6  meters  (16.4  feet)  for  a  load 
of  1,000  kilograms  (2,204  pounds)  placed  at  the  center,  the  tension 
remaining  constant.  The  general  slope  is  1 2  per  cent.  In  the  experi- 
ments the  weight  carried  was  700  kilograms  (1,543  poxmds)  and  the 
maximum  velocity  realized  was  12  meters  per  second  (39.4  feet  per 
second). 

7.  THE  EXPERIMENTS   OP  COMMANDANT  LAPAY  AT  THE  PHYSICAL 
LABORATORY  OP  THE  POLYTECHNIC  SCHOOL. 

Commandant  Lafay  has  installed  in  the  physical  laboratory  of 
the  Polytechnic  School  the  apparatus  previously  used  by  M.  Bateau. 
He  has  utilized  this  aj>paratus  in  order  to  solve,  often  m  an  elegant 
manner,  a  series  of  interesting  i>roblems  in  aerodynamics.  For 
example,  he  has  proposed  to  make  visible  the  paths  of  air  stream  lines 
which  surround  solid  bodies  of  different  forms  j^laced  within  a  cylinder 
of  air  issuing  from  the  discharge  orifice  of  a  fan. 

The  methods  which  give  the  total  resistance  of  the  air  enable  us 
generally  to  determine  separately  the  lift  and  the  drift.  From  these 
we  may  then  find  the  ratio  of  support,  which  is  nothing  but  the  ratio 
of  the  lift  to  the  drift.  As  a  matter  of  fact,  in  a  horizontal  flight, 
the  smaller  this  ratio,  the  greater  the  weight  carried  by  a  given  effort 
of  propulsion.  If  we  call  0  the  angle  of  me  lift  with  the  total  resist- 
ance, tiie  relation  of  the  drift  to  thelif t  is  equal  to  tang.  ^.  By  reason 
of  the  importance  of  this  angle,  which  Commandant  Raibaud  of  the 
aviation  laboratory  at  Vincennes  proposed  to  call  the  angle  of  support, 
M.  Lafay  has  constructed  an  apparatus  by  which  it  can  be  determined 
directly  without  going  through  the  determinations  of  the  lift  and 
drift. 

He  has  operated  on  different  stuffed  birds  and  has  tried  to  deter- 
mine the  value  of  this  ratio  of  support  for  these  birds. 

He  has  been  brought  to  the  conclusion  that  a  stuffed  bird  behaves, 
on  the  whole,  as  a  mediocre  flyer,  certainly  inferior  to  one  of  our 
good  monoplanes. 
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These  experiments  which  have  dealt  with  stuffed  bu^ds  can  not, 
with  certainty,  be  extended  to  living  birds.  However,  this  result 
leads  US  to  adxnit  only  with  reserve  the  statements  of  those  who  claim 
that  birds  are  perfect  flyers,  presenting  for  the  angles  of  attack  which 
they  utilize  ratios  of  support  far  superior  to  those  of  oiu-  apparatus, 

M.  Laf  ay  has  set  himself  another  problem  which  is  very  important 
in  regard  to  the  practice  of  aviation. 

The  experiments  made  with  models  of  wings  or  of  airplanes  are,  as 
a  general  rule,  exclusively  static.  The  wind  of  the  blowing  apparatus 
whose  action  is  utiUzed  is  maintained  in  a  constant  state  during  the 
period  of  each  observation.  Now,  when  an  airplane  moves  through 
the  air  it  is  subject  on  the  part  of  the  air  to  actions  which  vary  quite 
rapidly  not  only  in  intensity,  but  also  in  direction.  Although  the 
inertia  of  an  airplane  prevents  it  from  obeying  all  these  instantaneous 
forces,  it  may  be  questioned  if  the  static  experiments  of  the  laboratory 
can  be  appUed  without  restriction  to  machmes  in  practice.  M.  Laf  ay 
has  striven  to  give  a  few  indications  regarding  this  (question.  He  has 
tried  a  few  dynamic  experiments,  i.  e.,  he  nas  tried  to  study  the 
variable  forces  produced  oy  a  wind  which  changes  rapidly  its  direction 
or  its  intensity. 

The  experimental  study  of  this  problem  presents  great  difficulties, 
due  chiefly  to  the  disturbing  actions  of  inertia.  In  order  to  avoid 
them,  hd  was  led  to  build  models  as  %ht  as  possible,  attached  to 
elastic  carriers,  and  to  make  use  of  the  (informations  of  these  carriers 
in  order  to  measure  the  forces.  But  if  these  deformations  are  to  be 
very  slight,  in  order  that  the  energy  acquired  by  the  system  be  nee- 
Ugible,  they  must,  however,  be  sufficiently  great  and  sufficient^ 
r^ular  to  permit  of  arriving,  by  means  oi  an  appropriate  optical 
amplification,  at  a  correct  evaluation  of  the  forces  which  produce 
them.^  The  results  of  this  amplification  must  be  such  that  they  can 
be  restored  photographically  on  account  of  the  rapidity  of  evolution 
in  the  phenomena  under  investigation.  Finally,  the  model  and  its 
elastic  support  would  not  fail  to  take  on  a  vibratory  movement  under 
the  action  of  the  inevitable  irre^arities  of  the  blowing  apparatus, 
except  for  the  precaution  of  addmg  just  enough  dampening  to  make 
the  apparatus  practically  aperiodic,  without,  nowever,  retarding  too 
much  its  dynamic  indications. 

M.  Laf  ay  has  produced  an  aerodynamometer  capable  of  satisfying 
these  contradictory  conditions. 

These  experiments  have  been  interrupted  by  the  war.  However, 
from  those  which  have  been  made  it  seems  to  be  proven  that  for 
changes  of  speed  and  direction  having  the  d^ree  of  rapidity  of  those 
which  may  normally  take  place  in  aviation,  the  resistance  of  the  air 
at  a  given  moment  has  a  value  little  different  (10  per  cent  at  the  most) 
from  that  which  one  would  obtain  in  permanent  r6^me,  keeping 
invariable  the  conditions  which  characterize,  at  the  instant  under 
consideration,  the  movement  of  the  avion  relative  to  the  air. 

Consequentiiy,  we  can  deduce  from  static  experiments,  properly 
directed,  the  elements  which  are  necessary  for  the  calculation  of  the 
forces  sustained  by  a  machine  in  given  circumstances,  as,  for  exam- 
ple^ those  which  accompany  its  rapid  righting  after  a  diving  flighty 
or  its  entrance  into  an  ascending  or  descending  current  of  air. 
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8.  AERODYNAMIC  STUDIES  FEBFORMED  IN  OTHER  LABORATORIES. 

A  certain  number  of  aerodynamic  experiments  have  been  made  in 
other  laboratories. 

Mention  may  be  made  of  the^  experiments  on  propellers  at  a  fixed 
point  performed  by  M.  Auclair  in  tne  experimental  laboratory  of  the 
Conservatoire  des  Arts  et  Metiers.  This  young  savant  was  the  first 
to  give  precise  results  on  the  influence  of  the  back  of  the  blades,  an 
influence  which  had  been  noted  as  early  as  1900  by  M.  Rateau. 

L'Institute  Marey,  in  the  Pare  des  I'rinces,  is  continuing  the  fine 
studies  of  Marey  on  the  flight  of  birds. 

M.  Houssaye,  in  his  laboratory  of  L'Ecole  Normale  Sup^rieure,  at 
Paris,  is  studying  the  resistance  of  water  on  the  forms  of  fishes. 

M.  Magnan,  in  the  laboratory  of  TEcole  des  Hautes  Etudes  at  the 
Sorbonne,  is  tryinjg  to  deduce  from  the  studv  of  the  dimensions  of 
birds  some  coefficients  which  will  be  useful  for  the  construction  of 
airplanes. 
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CHAPTER  m. 

DUGRAMS  REPRESENTING  THE  RESULTS  OF  EXPERIMENTa 

1.  PROPOSED  NOTATIONS. 

Let  lis  consider  a  reduced  size  model  of  the  body  under  inyesti- 
gation.  Let  X  be  the  ratio  of  the  homologous  linear  dimensions 
taken  in  the  body  and  in  the  model. 

Let  us  suppose  that  the  model  is  tried  at  a  relative  velocity  V  and 
that  the  results  of  the  experiments  are  reduced  to  what  they  would 
be  for  a  velocity  F^.  If  rv^  and  rv  are  the  actions  of  the  air  on  the 
model  at  speeds  V^  and  F,  we  have  the  relation 

F?-(^)' «> 

On  the  other  hand,  let  us  take  the  body  imder  investigation.  Let 
F  be  its  velocity  relative  to  the  air,  and  suppose  that  tne  actions  of 
the  air  are  reduced  to  what  they  would  be  if  the  velocity  had  the 
value  F,.  Denote  hj  Rv  and  Rv^  these  values  of  the  resistance  of 
the  air.    We  have  the  relation 

^-(^)' '« 

The  relations  (1)  and  (2)  give: 

57^^rw ^*^ 

But  since  rv  and  £r  are  relative  to  the  model  and  to  the  body 
under  investigation  at  the  same  speed  F,  we  have 

w.-h <« 

Carrying  this  value  into  (3)  we  have 

^:-<^  ■■■ «) 

Li  experiments  in  aerodynamics  the  values  usually  taken  are 
Fj—F,— 10  meters  per  second  (32.8  feet  per  second).  Measure  is 
then  taken  of  r  r  on  tne  model  or  £  k  on  a  boay  of  normal  size.  Equa- 
tions (1)  and  (2)  then  give  ^ 

r..-rv(^y (6) 

Bu,-Ry(-y-y (7) 
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The  methods  for  the  measurement  of  rr  give  at  the  same  time: 

(a)  The  component  of  rr  along  the  direction  of  relative  air  move- 
ment. 

(h)  The  component  of  rr  normal  to  the  direction  of  relative  air 
movement. 

With  M.  Eiffel,  let  us  caP  r,  and  r^,  F,  and  F^  the  components  of 
fjo  and  Bjo  alone  and  normal  to  the  direction  of  relative  air  move- 
ment, respectively. 

We  have  then  the  relations: 

r, = component  of  r  v  along  direction  of  relative 

air  movement x(-T^y (8) 

fy — component  of  r k  along  normal  to  direction 

of  relative  air  movement  X^i-y) (9) 

i^B  component  ol  Rv  along  direction  of  rela- 
tive air  movement  xf-rr)     (10) 

Fy-" component  of  Rv  along  normal  to  direc- 
tion of  relative  air  movementxf -7^  j     .    .    •       (11) 

We  may  note  that  r,  P,  r^  P,  F,  P  and  Fy  P  are  quantities  of 
the  order  of  force. 

M.  Eiffel,  in  his  experiments  on  models  of  airplanes,  takes  F,  — 1 
met./sec.»3.28  ft./sec.  and  F^^IO  met./sec.»32.8  ft./sec. 

Equation  (5)  then  gives 


R. 


-(toJ (12) 


M.  Eiffel  calls  Rg  and  Ry  the  components  of  R^  along  and  normal 
to  the  direction^of  relative  air  movement. 
We  have  then 


(13) 


Rg  and  Rp  are  quantities  of  the  same  order  as  r^  and  r,. 

If  the  model  of  the  airplane  is  on  a  scale  1/10,  X- 10  and  we  have 

B,-r,] (1*) 

The  numerical  values  calculated  for  the  model  apply  directly  to 
the  airplane  of  normal  size. 
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YHien  the  problem  inyolves  the  wings  of  airplanes,  M.  Eiffel 
places 

component  of  r,  along  direction  of  relative  air 
^     movement. r. 


SV^  5X10* 

component  of  r,  alon^  normal  to  direction  of  rela- 

tive  an*  movement. ry 

8V^  "SxlO*. 


(16) 


Ki^^lKj^TlQ .   •  (16) 

^  In  this  equation  i  is  the  an^le  between  the  direction  of  relative 
air  movement  and  a  reference  line  attached  to  the  wing,  generally 
the  chord  of  the  profile  of  the  wing  in  its  plane  of  symmetry. 

K^,  £y,  Kj  are  quantities  of  the  order  of  density. 

8  should  be  a  mean  between  the  surface  of  the  wing  exposed 
directly  to  the  action  of  the  air  and  the  surface  on  the  back.  Guild- 
ers of  airplanes  usually  consider  8  equal  to  the  greatrat  projection  of 
the  wing  on  a  horizontal  plane. 

2.  STUDY  OF  THE  WINGS  OF  AN  AIBFLANE— POLAR  DUGRAMS  OF  VL 

EIFFEL. 

M.  Eiffel  represents  the  properties  of  the  wings  of  an  airplane  by 
means  of  what  he  caUs  simple  polar  diagrams.  ^ 

On  two  rectangular  axes,  he  plots  as  abscissae  the  values  of  K^ 
and  as  ordinates  the  values  of  E^j  the  same  scale  being  used  for 
both.  The  curve  thus  traced  in  the  Kx  Ky  plane  is  called  the 
"first  simple  polar."  A  point  of  the  curve  corresponds  to  a  deter* 
minate  value  of  the  ansle  i.  The  radius  vector  from  the  origin  to 
this  point  represents  tne  quantity  £«.  The  angle  of  this  radius 
vector  with  tne  axis  of  £^  is  the  angle  between  the  resistance  of 
the  air  and  the  normal  to  the  direction  of  relative  air  movement. 
If  this  angle  is  denoted  by  6  we  have 

tang.^-^ (17) 

The  tangent  drawn  from  the  origin  to  the  polar  gives  the  value 
of  6,  6mj  for  which  the  ratio  -^  is  a  minimum. 

To  each  point  of  the  curve  corresponds  a  value  of  the  angle  i 
and  a  value  of  the  angle  6.  If  ^»^  the  resistance  of  the  an*  is 
normal  to  the  chord  of  the  profile;  if  ^<i,  the  resistance  of  the  air 
is  forward  of  the  normal  to  the  chord.  For  ^>i  it  falls  behind  the 
chord. 

This  mode  of  representation  (E^  and  K^  represented  to  the  same 
scale)  is  not  suitable  for  the  values  of  the  angle  i  corresponding 
to  the  small  values  employed  in  aviation.  In  fact,  for  these  values 
of  the  angle  i  the  polar  diagram  approaches  very  close  to  a  straight 
line  slightly  inclined  to  the  axis  of  Ky.  The  comparison  of  one 
72805^— S.  Doc.  559, 64-2 37 
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wing  with  another  by  simple  superposition  of  diajgrains  is  a  delicate 
operation.    In  particular  it  is  almost  impoesibfe  to  compare  the 

wings  regarding  the  minimum  value  of  ^. 

Accordingly,  M.  Eiffel  constructs  whatne  calls  the  ''second  simple 
polar."  He  takes  for  E^  a  scale  fiye  times  larger  than  for  K^.  Jn 
this  mode  of  representation,  a  vectorjoining  the  origin  with  a  point 
on  the  curve  is  no  longer  equal  to  £|,  and  the  angfe  of  this  vector 
with  the  axis  of  £^  is  no  longer  the  angle  6.^  However,  the* same 
as  for  the  small  values  of  i,  less  than  10  ,  £^  is  very  little  different 
from  Kyj  and  for  the  values  K^  the  ordinates  of  the  new  curve  may 
be  taken.    It  is  convenient  to  add  to  this  curve  a  scale  representing 

values  of  ^.    On  a  parallel  to  the  axis  of  K^,  passing  through  a 

point  of  JE^y  values  are  plotted  of  ^  corresponding  to  one  of  the 

intersections  with  the  new  curve  of  tne  radius  vector  starting  from 
the  origin  and  ending  at  this  point.    Let  us  call  this  line  the  axis 

of  •^.  In  order  that  -^r  may  correspond  to  an  angle  i,  it  is  neces- 
sary that  the  vector  just  named  should  cut  the  second  polar  ciurve. 

IT 
The  TninimuTT)  value  of  ^  is  then  given  by  the  point  where  the 

.  .  .        K 

tangent  from  the  origin  to  the  polar  curve  meets  the  axis  of  -^. 

S.  STUDY  OF  THE  HORIZONTAL  MOVEMENT  OF  AN  AIRPLANE— THE 
LOGARITHMIC  POLAR  CURVE. 

In  order  to  study  the  horizontal  movement  of  an  airplane.  M. 
Eiffel  has  pointed  out  a  very  ingenious  representation,  to  which  he 
has  given  the  name  of  logarithmic  polar. 

Let  us  consider  a  model  of  an  airplane  and  let  i  be  the  ande  made 
between  the  direction  of  relative  air  movement  and  a  straight  refer- 
ence line  intimately  connected  with  the  apparatus,  for  examnle,  a 
straight  line  doubly  tangent  to  the  lower  part  of  the  principal  planes, 
near  the  fuselage.  To  this  value  of  the  angle  i,  the  experiment  on 
the  model  will  give  corresponding  values  of  the  resistance  of  the  air, 
of  which  the  projections  parallel  and  perpendicular  to  the  air  move- 
ment are  r^  and  r,.  To  these,  equations  (13)  serve  to  give  the 
corresponding  values  of  Rg  and  R^  relative  to  an  airplane  of  full 
size. 

Furthermore,  let 

?B  the  weight  of  the  actual  airplane. 
«  the  power  required  to  mamtain  horizontal  flight  with  a  rela- 
tive velocity  V. 
The  equations 

define  the  correlative  values  of  P,  Q,  7,  Rg  and  R^,  and  hence  of  the 
angle  i  which  corresponds  to  the  horizontal  flight  of  an  airplane  of 
determinate  form  (especially  of  an  airplane  in  which  the  depth  rudder 
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cupies  a  determinate  pc 


occupies  a  determinate  position)  when  the  axis  of  the  propeUer  is 
parallel  to  the  path  of  flight. 

Let  us  consider  such  an  airplane. 

Equations  (18)  give  immediately 

log.  B^.- log.  J 

log.  ify-log.  C-2  log.  V 


or 


log.B,-log.P-3log.  F| ^^gj 


log.  i?,-log.  ^-:^X  Vl3  log.  V 
log.  i2,-log.  e~^X  Vis  log.  V 


(20) 


The  experiments  on  a  model  permit,  for  various  values  of  t,  the 
determination  of  corresponding  values  of  R^  and  JSy. 

Chi  two  rectangular  axes  let  us  plot  to  the  same  scale,  on  the  axis 
of  abscissfB,  distances  proportional  to  the  various  values  of  log.  R^] 
on  the  axis  of  ordinates,  distances  proportional  to  the  various  values 
of  loe.  JSy.  We  shall  thus  obtain  in  the  plane  of  the  axes  a  curve  to 
whicn  M.  Eiffel  has  given  the  name  of  logarithmic  polar.  Each  point 
on  this  curve  corresponds  to  a  determinate  value  of  the  angle  %  which 
is  inscribed  on  the  curve. 

Let  us  consider  a  vector  OMi  running  from  the  origin  0  to  a  point 
Mi  on  the  curve.  This  vector  has  for  projections  on  the  axes  of 
coordinates  the  values  log.  R^  and  W.  Ry.  But  equations  (20)  show 
that  this  vector  is  the  resultant  of  a  broken  line  of  which  the  vectors 
are 

log.  P  directed  along  the  axis  of  log.  R^. 
log.  Q  directed  along  the  axis  of  log.  Ry. 

Vis  X  log.  F  directed  in  the  third  angle  of  the  coordinate  planes 
(—10^.  R^,  —  lo^.  Rjf)i  and  making  with  the  axis  of  log.  Rj,  an  angle 
of  which  the  cosme  is  equal  to 

(See  fig.  1.) 


Vl3 


If  the  two  extremities,  0  and  Jf|,  of  the  broken  line  are  preserved, 
the  segments  may  be  run  through  in  anv  order  whatever.  Thus, 
for  example,  we  may  have  any  one  of  the  following  orders: 

log.  P,  Vis  X  loj.  F,  log.  Q) 
log^C,  log.  P,  Vl3  X  log.  F; 
Vl3  X  log.  F,  log.  e,  log.  P. 

It  is  well  known  that  starting  from  the  point  0  one  should,  follow- 
ing the  broken  line,  end  at  a  pomt  Mi  of  tne  logarithmic  polar.  The 
directions  of  the  vectors  are,  furthermore,  weU  known.  If  we  take 
two  of  the  vectors  of  the  broken  line,  the  trace  of  this  line  permits 
immediately  the  determination  of  the  third. 

We  may  thus  solve  graphically  by  means  of  the  logarithmic  polar 
a  series  of  problems  rdatmg  to  the  horizontal  flight  of  an  airplane 
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when  the  axis  of  the  propeller  is  parallel  to  the  path.  We  might,  for 
example,  desire  to  Imow  what  weight  should  be  given  to  the  apparatus 
in  order  to  obtain  a  given  velocity  with  a  given  power. 

In  this  problem  the  vectors  log.  P  and  yiS  X  log.  V  are  known  in 
magnitude  and  direction^it  is  easy  to  trace  them.  From  the  ex- 
tremity of  the  vector  Vl3  X  log.  V  there  is  drawn  a  straight  line 
parallel  to  the  axis  of  log.  Ry,  which  is  continued  to  its  noint  of  inter- 
section with  the  logarithmic  polar.  The  vector  log.  Q  is  thus  con- 
structed; it  jgives  the  weight  Q  which  is  sought.  At  the  same  time, 
the  point  of  mtersection  of  this  vector  with  the  polar  curve  determines 
the  angle  %  of  the  flight. 

Let  us  now  consider  a  velocity  Vo  which  is,  for  example,  the  normal 
actual  velocity  of  the  airplanes  (100  kilometers  (62.1  miles)  per  hour). 
Then  equations  (18)  may  be  written 


(21) 


From  these  we  derive 


(22) 


On  the  axis  log.  V  let  us  take  a  point  F©  such  that 

OFo=Vi3Xlog.Fo     (fig.  1.) 
The  vector  FoF  then  represents 

Vl3Xlog.^. 

Let  us  then  carry  this  vector  over  to  Cy?  on  the  vector  AB,  and 
then  project  Co  to  Ao  on  the  axis  log.  fi,.  Finally,  lead  the  vector 
AoBo  to  the  ordinate  parallel  to  the  axis  log.  By.  To  the  contour 
OABMi,  in  which 

0^=log.P,  AB- VTsxlog.  F,  BMi^log.  Q, 

we  thus  substitute  the  contour  OAoBoMij  which  is  its  equivalent 
since  it  has  the  same  resultant,  and  which  is  such  that 

O^o=log.  (^),  AoBo^  Vl3 Xlog.  -^,  So^<-log.  (^) 

We  have  as  a  result: 

Vector  OAo  =-  vector  OA  +  vector  AAo 
Vector  AAo  -  -  3  log.  Vo 

Vector  OAo  -  log.  P  -  3  log.  Vo  « log.  (^i) 
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As  we  shall  have  constantly  to  consider  a  vector  VqV  or  AoBo  or 

. y 

Vl3Xlog.  -^f  it  is  natural  to  cany  the  point  Vq  to  the  origin. 

^  When  the  velocity  of  the  airplane  is  equal  to  Vo,  the  vector  A^o 
disappears;  the  points  Aq  and  j^^  become  coincident  with  the  point 
^9  (ng.  2).    It  IS,  in  fact,  easy  to  see  that  we  have 

V  V 

244o  -  3  log.  y,  5o -M".  ==  2  log. -pr 

The  coordinates  log.  R^  and  log.  R^  of  the  point  have  then  for 
values 


log.i?,-log.(^.) 

log.  5, -log.  (-^j) 
From  fheee  equations  we  derive 


(23) 


Qc 


B,-Y? 


(24) 


We  are  therefore  able  to  develop  a  correspondence  between  a  point 
Mg  on  the  axis  of  abecissn  (fig.  1)  and  a  value  Bg,  such  that 

034 -log.  iJ„ 

and  a  value  P.  of  the  useful  power  such  that 

034-.log.(-^.) 

In  other  words,  the  axis  of  abscissae  may  be  graduated  in  terms  of 
useful  power. 

In  the  same  way  we  may  graduate  the  axis  of  ordinates  in  terms 
of  weight. 

Let  us  now  suppose  that,  in  a  problem,  we  have  given  the  useful 
power  P  and  the  speed  F.  The  axis  of  abscissse,  wnich  is  the  scale 
for  P,  gives  immediately  the  point  Ao,  such  that 

F^,-log.(^3)     (See  fig.  2.) 

The  vector  FoF  is  such  that 

Fo7-Vi3xlog.^- 

The  contour  Vf^AoBp  may  be  traced.  By  carrying  BoMi  parallel 
to  log.  Ry  and  extending  to  the  point  of  intersection  with  the  polar 
curve,  there  is  f  oxmd  the  vector 


B,M,~\og.{^y 
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If  this  vector  is  led  down  from  Vo  on  the  scale  of  R^,  which  is  at 


99 


the  same  time  the  scale  of  weijght^  the  extremity  of  the  segment  gives 
immediately  the  weight  Q  which  is  sought. 

In  the  system  of  units  (meter,  kilogram,  second)  generally  used, 
P  is  expressed  in  kilometer-seconds,  V  in  meter-seconds,  Q  m  kilo- 
grams (weight).  It  is  more  convenient,  for  practical  application, 
to  graduate  the  scales  f or  P  and  F  in  horsepower  and  in  Kilometers 
per  hour.  To  this  end  it  is  suflBicient  to  divide  the  indications  of  tiie 
first  scale  hy  75  for  horsepower  and  to  multiply  hy  3.6  the  numbers 
relating  to  velocity. 

If  the  velocity  n  is  less  than  Fq,  the  segment  is  directed  opposite 
to  the  segment  VoV.  The  contour  to  consider  is  V^  A^  Bp  Mi. 
(See  fig.  2 J     We  have,  in  fact,  in  this  case 

log.  iJ,-log.  ryi)+3  log.  -j^ 

log.  iJ,=log.  (^)+2  log.  ^ 

It  is  easily  seen  that  these  equations  represent  the  projections  on 
the  two  axes  of  the  contour  Vq  A^'  BJ  Mi. 

We  are  thus  led  to  the  following  nue: 

If  we  follow  a  broken  line  starting  from  the  ori^  and  ending  on 
the  polar  curve,  the  direction  in  which  each  vector  is  traversed  is  the 
direction  in  which  such  vector  should  be  placed,  starting  from  the 
origin,  on  the  corresponding  scale  in  order  to  give  its  value. 

It  results  immediately  that  if  we  have  the  contour  VoABCD  (fig.  2), 
the  vector  BC  corresponds  to  a  speed  greater  than  the  vector  BD^ 
these  two  speeds  being,  furthermore,  inferior  to  F©. 

Let  us  suppose,  now,  that  the  results  found  with  the  modd  do  not 
correspond  to  the  conditions  which  had  been  fixed  a  priori  for  the 
airplane.  The  question  may  then  arise  of  changing  proportionately 
the  dimensions  oi  the  apparatus. 

Let  N  be  the  ratio  of^me  lineal  dimensions  of  the  second  apparatus 
to  those  of  the  first;  Nj  for  example,  might  be  1.10  for  an  increase  of 
10  per  cent  in  the  cumensions. 

The  fundamental  equations  of  horizontal  flight  for  this  new  appa- 
ratus will  be 

^-M0 


T? 


r^^HjJ 


(25) 


It  is  not  necessary  to  construct  special  polar  ciures  corresponding  to 
various  values  oi  iV  in  order  to  determine  the  value  suited  to  this 
numbw.    We  find,  in  fact,  from  equations  (25) 


log.  R,-log.  (^.)-3  log.  ^-2  log.  N 
log.  R,-log.  (^)-2  log.  ^-2  log.  N 


(26) 
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To  the  vectoiB, 

*^-  (j?)'  ^""S-  (^),  Vl3  X  log.  ^, 
it  is  convenient  to  add  a  fourth  vector, 

VSX  log.  N. 
This  is  directed  along  the  line  making  the  angle  5  j  with  the  axis 

abscissae  (Axis  Vo  N,  fig.  2). 
If  iV  is  greater  than  nnitj;  the  values  of  log.  N  are  laid  off  along 

this  axis;  if  J^T  is  less  than  unity,  they  are  laid  off  along  the  line  ^ 

with  the  axis  of  the  abscissce. 

If  then  the  values  fixed  in  advance  are  P,  Q,  V,  it  is  sufficient,  in 
order  to  have  the  value  of  N  which  will  permit  of  realizing  these 
values,  to  draw  the  fourth  segment  in  a  suitable  direction  until  it 
jneets  the  polar  curve.  The  fourth  segment  indicates,  furthermore, 
by  its  intereection  with  the  polar  curve,  a  suitable  angle  of  flight. 

Instead  of  terminatiog  tne  polygonal  contour  running  from  the 
origin  to  a  point  of  the  curve  by  the  vector  VS  X  log.  N,  we  may  trace 
this  segment  first.  In  other  words,  instead  of  startmg  from  the  ori^n 
of  coordinates  as  the  origin  of  contour,  we  may  stui^  from  a  pomt 
situated  on  the  axis  of  N.  We  then  see  immediatel]r  by  the  ngure 
what  becomes  of  the  properties  of  an  airplane,  for  which  the  dimen- 
sions have  been  multiplied  by  the  number  determined  by  the  point 
on  the  axis  of  N  which  was  taken  for  the  point  of  departure.  Every 
broken  line  drawn  between  this  point  and  the  polar  curve  gives  the 
system  of  values  P,  Q,  V,  which  corresponds  to  the  modified  apparatus. 

We  can  not  here  indicate  the  solution  of  all  the  problems  lor  which 
the  consideration  of  the  logarithmic  polar  provides.  To  this  end, 
reference  should  be  made  to  the  work  of  M.  Eiffel  noted  in  the  bibliog- 
raphy attached  to  this  paper.  However,  we  may  note,  in  pfoume, 
the  results  to  which  this  study  of  the  logarithmic  polar  leads. 

For  all  the  forms  of  apparatus  studied  oy  M.  Eiffel,  the  logarithmic 
polar  curves  always  present  the  same  general  characteristic,  that  of 
figure  3.  Beginning  with  small  values  of  the  angles  of  incidence,  we 
find  the  angles  of  horizontal  flight  for  which  the  properties  are  the 
following: 

(1)  Angle  i^  for  which  B-  is  minimum  (fig.  3). 

This  angle  is  given  by  the  point  of  contact  of  the  tangent  to  the 
polar,  parcel  to  the  axis  of  ordinates. 

Horizontal  flight  under  this  angle  corresponds  to  the  maximum 
speed  for  a  given  power,  or  to  the  minimum  power  for  a  given  speed. 

(2)  Angle  i,  for  which  -^  ib  a  minimum  (fig.  3). 

This  angle  is  given  bv  the  poiat  of  contact  of  the  tangent  to  the 
polar  curve,  drawn  parallel  to  the  axis  of  N. 

Horizontal  flight  under  this  angle  corresponds  to  the  minimum 
tractive  force  re(]iuired  for  a  given  weight,  or  to  the  maximum  weight 
for  a  given  tractive  force. 

R ' 

(3)  Angle  {,  for  which  W^  is  a  minimum  (fig.  3). 
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This  angle  is  given  by  the  point  of  contact  of  the  tangent  to  the 
polar  curve,  drawn  parallel  to  tne  axis  Y^Y, 

Horizontal  flight  under  this  angle  corresponds  to  the  minimum 
power  for  a  given  weight,  or  to  the  maximum  weight  for  a  given  power. 

(4)  Angle  i^  for  wmch  12«  is  maTrimum  (fig.  3). 

This  angle  is  given  by  the  point  of  contact  of  the  tangent  to  the 
polar  curve,  drawn  parallel  to  the  axis  of  abscissae. 

Horizontal  flight  under  this  angle  corresponds  to  the  maximum 
weight  for  a  given  speed,  or  to  the  minimum  speed  for  a  given  weight. 

It  is  seen  that  to  eacn  one  of  the  angles  of  incidence,  \y  i,,  i,,  i^, 
we  may  relate  two  magnitudes,  of  which  one  is  maximupoi  or  mini- 
mum when  the  other  is  given.  Each  one  of  these  angles  is  the  most 
favorable  angle  regarding  the  two  corresponding  ma^tudes. 

As  these  polar  curves,  m  their  useful  part,  do  not  nave  a  point  of 
inflection,  it  follows  that  the  nearer  the  angle  of  horizontal  flight  lies 
to  one  of  the  angles  iy,  {,,  ^,  \^  the  better  are  the  conditions  with  regard 
to  the  group  ofmagQitudes  which  correspond  to  these  angles. 

Let  us  take  an  example.  The  weight  carried  by  an  airplane  is 
judged  to  be  too  small.  It  is  desired  to  gain  weight  at  the  expense 
of  speed,  but  at  the  same  time  preserving  the  same  expenditure  of 
power.  It  is  sufficient  to  approach  the  point  for  which  the  weight 
will  be  maximum  for  a  given  power.  It  is  weJl  to  give  to  the  appara- 
tus a  construction  such  that  horizontal  flight  (with  the  axis  of  the 
propeller  in  the  direction  of  the  path)  is  maae  under  an  angle  as  near 
as J308sible  to  the  values  indicated  for  i^. 

We  have  constructed  the  logarithmic  polar  curve  for  a  given 
position  of  the  depth  rudder.  We  have,  by  means  of  this  curve, 
studied  the  properties  of  horizontal  flight  for  an  apparatus  under 
different  angles  of  flight.  We  have  then  supposed  that  for  all  these 
angles  the  air  resistance  passed  sensibly  through  the  point  of  inter- 
section of  the  axis  of  the  propeller  and  of  the  vertical  through  the 
center  of  gravity.  For  each  apparatus  this  is  sensibly  true  for  an 
average  position  for  the  depth  rudder. 

But  we  may  approach  still  more  closely  to  reality.  Experiments 
made  on  a  model  with  various  positions  of  the  depth  rudder  give  the 
resultants  of  the  air  resistance  which  pass  exactly  through  the  point 
7  of  intersection  of  the  axis  of  the  propeller  and  of  the  vertical  through 
the  center  of  gravity.  We  then  have  sufficient  data  for  the  following 
tables: 

Chariict€risUo8  of  the 
Podtlon  of  resistance  of  the  air, 

rudder.  passing  throogfa  T; 

JL ^x^f  ^y^i  ^^ 

B fijpB,  -ByB,  iB 

C R^c,  ByO,  ic 

With  these  data  we  may  construct  the  curves 

Bp  «jj  (Rx)    Ordinary  polar  curve. 

I  Gog.  Bg)    Logarithmic  polar  curve. 

A  point  of  one  of  these  curves  gives,  not  only  the  values  of  R^. 
By,  %f  but  indicates  at  the  same  time  tne  corresponding  position  of 
the  depth  rudder. 


log.  &,=/.( 
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4.  THE  GHARACTBBISTIC  COEFWCIKNTS  OF  PBOFELLEBS  ACCOBDING 

TO  G.  EIFFEU 

The  experimental  study  of  the  propeller  includes  the  following 
quantities: 

(1)  The  thrust,  11. 

(2)  The  effective  power,  P,,  delivered  to  the  propeller  shaft. 

(3)  The  number  n  of  revolutions  per  minute  of  time. 

(4)  The  velocity  of  flight,  V. 

These  experimental  data  permit  the  determination  of  the  following: 

(a)  The  useful  power  expended  in  propulsion 

P,  =  wxF (27) 

(6)  The  angular  velocity,  2Tn.  The  speed  of  rotation  of  the 
extremity  of  tne  blade  of  tne  propeller  wnl>  (D  equals  the  diameter 
of  the  propeller) 

(e)  The  moment  of  the  couple  of  rotation 

^-& <2«> 

(d)  The  eflBciency  of  the  propeller 

''-^-§X2^ <29) 

What  are  then  the  coefficients  which  should  be  considered  in  the 
stud  V  of  a  propeller  t 

(1)  The  direction  of  the  relative  velocity  at  the  extremity  of  a 
Uade;  it  is  characterized  by  the  ratio 

V 

TUD 

(2)  Magnitudes  of  the  nature  of  a  density, 

n  C  Pe  Pu (Qy, 

i?^'  i?S5'  iiros'  ^^5  ^«i) 

(3)  The  abstract  number  p. 

Let  us  assume,  as  a  first  approximation,  that  the  magnitudes  here 

mentioned  are  fimctions  of  a  single  ratio  — ^* 
It  is  naturally  the  same  with  the  magnitudes. 

whatever  may  be  the  exponents  m,  p,  g,  q\ 

In  the  group  (G^)  the  velocity  y  does  not  enter.  We  may  then 
dispose  the  precedinj^  exponent^  in  such  manner  as  to  define  two 
other  groups  of  coefl^ients  which  do  not  contain  D  or  n. 

By  taking  m=  —4,  p  =  2  =  2',  =  —5,  we  haye  the  group  (G,) 


Hn?    Cif    Pen"    P^ 
yA^     ys '     ys  '      ys 


(G,) 


By  taking  m=«p«=— 2,   ff^s'™— 3,   we   derive   the   coefficients 

....    (G.) 


n    _c p^    Pj^ 

jjpyt*  jytyt*   jjtyi'   jyxyt* 
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With  the  efficiency  p,  the  preceding  groups  define  13  coefficients 
which  may  serve  to  characterize  a  proolem. 

Among  these  coefficients  it  is  sufficient  to  note  more  especially 
the  following: 

~yr'  ^jyi'  P (^4) 

Two  problems,  in  fact,  often  arise,  as  under  (1)  and  (2)  following. 

(1)  Suppose  an  airplane  for  which  we  must  choose  a  propeller 
directly  connected  witn  the  motor. 

We  nave  given,  the  speed  of  translation,  V,  of  the  airplane,  the 

power,  P^,  and  the  numW  of  revolutions,  n,  of  the  engine.    These 

P  n' 
data  enable  us  to  calculate  the  coefficient     y^  • 

What  is  the  diameter  which  should  be  given  the  propeller! 
^  What  is  the  efficiency  of  this  propeller  imder  the  preceding  condi- 
tions of  operation? 

Let  us  take  a  given  type  of  propeller.    Suppose  a  study  of  a 

model  of  this  propeller  has  permitted  us  to  construct  curves  giving 

V  P  n* 

as  a  function  of  — ^  the  various  values  of  -^4^  and  of  p. 

y 
It  is  then  easy  to  take  from  one  of  these  curves  the  value  of  -^ 

P  n' 
which  corresponds  to  the  particular  value  of  -^^  suited  to  the  pro- 

y 
peller.    This  value  of  — ^  gives  immediately   the  diameter  of   the 

propeller  as  desired'. 

At  the  same  time,  on  the  other  curve  corresponding  to  the  value  of 
y  , 

--Tj  thus  determined,  we  may  read  the  value  of  the  efficiency  p. 

(2)  Suppose  an  airplane  with  chain-connected  propeller  or  a 
dir^ble. 

We  have  given  the  power,  Pg,  of  the  engine,  the  speed  of  translation, 
V,  the  diameter  of  the  propeller,  D,  and,  in  consequence,  the  coeffi- 

•     *  J^ 
cient  2)2  yB* 

It  is  re<juired  to  determine  the  number  of  revolutions  of  the  pro- 
peller and  its  efficiency. 

Let  us  suppose  that  for  a  given  type  of  propeller  we  have,  by 
means  of  model  experiments,  constructed  curves  giving  as  a  function 

of  — g*  values  of  mf^  ^^^  ^^  ^^^  efficiency  p. 

p 
On  the  first  curve  the  particular  value  calculated  for  wj^  gives  the 

y 
corresponding  value  of  -^  and,  in  consequence,  the  number  of  revo- 

V 
lutions,  n,  of  the  propeller.    To  this  value  of  --p  there  corresponds  a 

value  of  the  efficiency  p  which  is  read  on  the  second  curve  of  efficien- 
cies. 
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What  has  been  said  shows  that  the  construction  of  two  curves 
relating  to  two  coeflBicients  of  the  groups  (Gj),  (G,),  (QJ)  (the  effi- 
ciency p  being  joined  to  each  one  of  these  groups)  suffices  for  the 
determination  for  the  operation  .of  a  propeUer  imder  determinate 

conditions.    We  may  represent  as  a  function  of  -^  the  following: 

II  C 

5^^  and  jj5^  of  the  group  (Gj, 

-yr  and  -p    of  the  group  (G,), 

P  P 

^  ^^  ^  ^'  *^®  BTOup  (GO, 

etc. 

We  may  indeed  construct  but  a  single  curve,  that  which  corre- 
sponds to  the  power  Pe>  for  example,  on  the  condition  of  noting  on 
such  curve  the  various  values  of  the  emciency. 

We  have  assumed,  as  a  first  approximation,  that  any  coefficient  T 
of  one  of  the  preceding  groups  is  represented  by  a  single  curve  in 

the  plane  (r,^j- 

y 
In  reality,  to  each  value  of  --p    there    correspond    in    the   plane 

various  values  of  r.    These  latter  correspond  to  varying 

values  of  nD  or  of  v  nD  (velocity  of  rotation  at  the  extremity  of  the 
blade).     Instead  of  having  for  F  a  single  representative  curve  in  the 

plane (r,  —jyX  there  are  several  curves,  of  which  each  one  corre- 
sponds to  a  particular  value  of  nD. 

However,  for  values  of  nD  varying  by  10  units  (D  expressed 
in  meters,  n  in  revolutions  per  second)  in  the  field  of  values  of  nD 
comprised  between  25  and  50  (values  actually  met  with  in  practice), 
the  curves  corresponding  to  the  various  values  of  nD  differ  out  little 
from  an  average  curve,  which  is  the  one  here  considered. 

6.  STUDY  OF  THE  PROPERTIES  OF  PROPELLERS— THE  LOGARITHMIC 
DUGRAM  OF  M.  EIFFEL. 

v 

We  have  now  to  consider  the  representation  as  a  function  of  — ^  of 

P  P 

the  coefficients  — i^fe  and  — - 


(^■^) 


n^D^  "^"^  7i82>6 
We  develop  this  representation  by  taking  for  absciss®  values  of  log. 

V  P  P 

— ^  and  for  ordinates  values  for  log.  -j4g  and  log.  -j^  (fig.  4). 

We  thus  obtain  what  M.  Eiffel  calls  the  logarithmic  diagram  for 
propellers. 

When  these  diagrams  are  constructed  we  may  read  directly,  by 
means  of  a  single  scale  and  from  axes  suitably  chosen,  the  values  of 
the  13  co^cients,  p  and  the  groups  (G^),  (G,),  (Gg). 
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These  same  diagrams  give  us  also  directly  the  various  values  of  the 
magnitudes 

7,n,2>,n,  C7,  P„P.,p. 

Let  us  now  show  how,  by  means  of  these  diagrams,  the  values  of 
the  13  characteristic  coefficients  of  a  propeller  may  be  read.  We 
have  the  following  relations: 


nD 
T 


log.  P-log.  ^-log.  ^-log.  :^' 

log-  -^-log.  L^^Xn^'^'^g-  ^~^  ***& 

log.  ^-log.  ^-^x^j^X^J-log.  ^ 

y 
-5log.jj5-log.2T 

log.  ^*-log.  [^X^-log-  ^-^  log-  W 
log-  ^'-log.  [;^X^-log.  ^-5  log, 
log.  ^-log.  [^X^-log.  ^-3  log.  :^ 

log. :Divi"log. [tP^x^p  Xg^J-log. :^ 

V 
-2log.^-log.  2p 

^-log.  [^X^=log.  ^-3  log.  ^ 


Group  (GO 


•   •   • 


Group  (G,) 


log 


D*V* 


Group  (G,) 


log-  :^-log.  [^X^-log.  ^-3  log.  ^ 

On  the  axis  of  abscissae  ( log.  — ^  j  let  us  take  the  point  which  cor- 

y 
responds  ^^5^  =  1-    According  to  the  mode  of  graduation  of  the 

scale  of  abscisssB,  the  vector  having  for  origin  this  point  and  for 
extremity  a  point  on  the  axis  of  abscissae,  is,  m  absolute  value,  equal 

ct  •  V 

to  1 —log.  o,  jj^  (a  whole  number),  being  the  value  of  — ^  which  cor- 
responds to  a  point  at  the  extremity  of  the  vector.  The  values  of  a 
inferior  to  10  correspond  to  the  points  on  the  axis  of  abscissae  situated 

to  the  left  of  the  point  (~]5  =  1  )>  the  values  of  a  superior  to  10  cor- 
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respond  to  the  points  on  the  axis  of  abecissBd  situated  on  the  riffht  of 
the  po^**  (rn""!)-    Th®  vectors  issuing  from  the  point  (zn^^) 

V 
measure  then,  with  their  sign,  the  vahies  of  log.  -j^- 

This  being  understood,  let  us  draw  through  the  point  izTn"^^) 

right  lines  haying  for  angular  coefficients,  1,  3,  5.  Let  us  take  these 
lines  as  origins  for  vectors  parallel  to  the  axis  of  ordinates  and  termi- 
nating, either  on  the  polar  curve,  log.  -^^  or  log.  zj^-  Th® 
vectors  thus  defined  measure 

log.  "jjyif   (right  line  for  angular  coefficient  equal  to  1); 

,         Hi        Pe      1        Pu      (right  line  for  angular  coefficient 
log.;^rp'  log.;^p'  log.^^p,       equal  to  3); 

,      Iln'    ,         P^n^    ,       P^n^  (right  line  for  angular  coefficient 
log-  -pT-'  log.    -y^f  log.  "yr^    equal  to  5). 

In  tracing  the  right  line  ordinate  Gog.  2  t)  and  taking  this  line  as 
the  origin  of  vectors  parallel  to  the  axis  of  ordinates,  ana  terminating 
at  one  or  the  other  of  the  logarithmic  polars,  these  vectors  represent 

log-^jrpg'  log..^,  log.^ppp. 

For  these  two  last  it  is  necessary,  furthermore,  to  trace  through 
the  point  f -^—l|Ord.-=log.2TJ  the  right  line  for  angular  coeffi- 
cient 5  and  the  right  line  for  angular  coefficient  2. 

Finally  the  vector  log,  p  is  represented  by  the  difference  of  the 

ordinates  log.  -4^  and  log.  -—^  of  the  two  logarithmic  polars  corre- 

y 
spending  to  the  same  value  of  — =^. 

In  practice  it  is  important  to  know  as  a  function  of  F,  n,  Z>,  the 
followmg: 

(1)  The  useful  power,  P„  (from  the  viewpoint  of  the  operation  of 
the  airj^ane). 

(2)  The  effective  power,  P^  (from  the  viewpoint  of  the  motor  to 
install  on  the  airplane). 

(3)  The  efficiency  p. 

Let  us  consider  the  logarithmic  polar 


[' 
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Let  US  trace  the  directions  ON  and  OD  (fie.  4)  making  with  the 

'  B  first  t" 


t 


positive  direction  of  the  axis  of  absciss®,  the  first  the  angle  (t+Oi), 
and  the  second  the  angle  (x+o,),  the  angles  a^  and  a,  being  given 
by  the  relations: 

tang.  Oi  — 3,  tang.  0,-5 (31) 

The  two  equations    T30)   express  that,  for  the  contour  OAB 
OA '^log.  —^f  A8«log. -^1  we   may  substitute   the   contour 

^AiBiC^Bf  which  has  the  same  resultant.    This  new  contour  is  such 
that: 

OAi  is  parallel  to  the  axis  of  — »  and  has  for  nuignitude  log.  V; 

A^B^  is  parallel  to  OD  and  has  for  magnitude  V^Xlog.  D;  B^C^ 
is  paralldi  to  ON  and  has  for  magnitude  VlOXlog.  n;  C^B  is  parallel 

to  the  atis  of  -4Ai  ^^cl  has  for  magnitude  log.  P^ 

If  the  proper  graduations  have  been  made  on  the  various  axes 
parallel  to  the  sides  of  this  contour  (graduation  in  log.  F  on  the  axis 

of  -X^;  graduation  in  log.  P«  on  the  axis  of  -f^;  graduation  in 

VlO  lo^.  n  on  the  axis  of  n;  graduation  in  V^  log-  ^  <>^  the  axis 
of  Z>),  it  is  easy,  by  the  construction  of  the  contour  in  question,  to 
determine  any  one  of  the  vectors,  knowing  the  magnitudes  of  the 
others.  It  is  sufficient  to  remark  that  the  contour,  starting  from 
the  point  0,  must  always  end  on  a  point  of  the  logarithmic  polar. 
But  tUs  construction  may  be  transformed  in  the  lollowing  manner: 
In  present  practice  with  airplanes,  normal  conditions  of  operation 
lead  to  the  employment  of  propellers  of  a  diameter  of  about  3  meters 
(9.84  feet)  turning  at  about  800  revolutions  per  minute.  If,  for 
these  conditions  near  the  normal,  the  vectors  Aj3^  and  B^C^  are  zero, 
the  contour  OA^B^CJB  is  reduced  to  the  contour  OAB.  The  con- 
struction relative  to  normal  operation  is  very  much  simplified,  since 
it  is  reduced  to  the  tracing  of  two  lines  instead  of  four.  Now  the 
vectors  A^B^  and  B^C^  are  zero,  if  the  normal  values  (800  revolutions 

Eu*  nunute,  3  meters)  coincide  with  the  ori^  0.    We  are  therefore 
d,  for  n  and  Z>,  to  a  change  of  origin,  wmch  may  be  made  in  the 
following  manner: 

Let  us  consider  a  particular  number  of  revolutions  n^  and  a  diam- 
eter Z>o  for  the  propeller.    We  have  then: 


,        P,     ,         P,         3      r—,      n       5      ,„„,      Z) 


(32) 


(33) 
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Tbese  equations  mean  that  for  the  contour  OAB,  and,  in  con- 
sequence,  for  the  contour  OA^B^CiBf  we  have  substituted  the  equiva- 
lent contour  0^/  5/  (7/  B  (fig.  4),  in  which: 

OA^'^  log.  j-Tfj-l  directed  along  the  axis  of  log.  —p  j 
^'J5/-  V^S  log.  ^  (directed  along  OD) 
B/(7/- ViO  log.  ^  (directed  along  ON) 

<7/B — log.  zrjfriy  directed  along  the  axis  of  log.  -yAj  j 

For  n«no  and  D^D^  the  vectors  A^'B^'  and  Bt'^i'  *^®  zero. 
The  points  n^'U^,  D^D^  are  the  origins  of  the  vectors  VlO  log.  — » 

V26  log.  2J-. 

The  angles  a.  and  a,  defined  by  the  relations  (31)  are  too  large 
and  lead  to  ill-proportioned  diagrams.  We  shall  substitute  for 
them  the  angles  cx^'  and  a^'  such  that: 

3                      5 
tang.  04'=  2' ^^^^•"a'"' 2 ^^^^ 

The  angular  coefficients  of  the  axes  ON  and  OD  are  one-half  less 
than  the  preceding,  defined  by  the  relations  (31). 

To  this  end  it  is  sufficient  to  plot  the  ordinates  on  a  scale  one-half 
that  of  the  abscissae.  The  ordinate  of  a  point  on  the  axis  of  n, 
instead  of  being  equal  to  3  times  the  abscissa  of  this  point  is  only 
3/2  times. 

In  the  place  of  equations  (33)  we  shall  substitute  the  following: 


,        F      ,  F        2      Vi3,       n       2      ^29,       D 

log.  j^- log.  ;^-:^  .  Y  log. --;^ .  V 

,        Pe       ,  Pe  3       Vi3,       n       3      ^         D 

i^g-  ^-  i^e-  vB?- vi3 '  2  ^^g-  5rr V29 '  2  ^^s-  TT, 


(36) 


F  F 

^^'  fi75  *^^  '^^^*  — !D"  *^®  represented  according  to  the  same 

p 
scale  as  before,  OA^'  for  example,  in  the  two  cases.    Log.  -^ 

P 
&nd  log.  -~J777  are  represented  according  to  a  scale  one-half  less 

for  example,  C^"  B'  ^  — ^  Y    As  to  the  axes  of  n  and  of  Z>,  they  have 
aiigiilar  coefficients  which  are  one-half  of  the  preceding.    They  have 
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the  directioDs  designated  by  ON'  and  OD'  in  figure  4.    The  vectora 
which  are  laid  out  along  these  axes  have  for  magnitude: 


my^l^My^£ 


no 

The  new  contour  is  OA^'  B."  G^"  J?'-,  which  is  equivalent  to  the 
contour  OAB'^  the  point  B'  being  a  point  of  the  logarithmic  polar, 
of  which  the  ordinates  are  laid  off  to  a  scale  one-half  that  of  the 
abscissae. 

In  practice,  we  have  given  directly  the  speed  F  and  the  power  P^. 
It  is  then  necessary  to  mscribe  on  the  various  points  on  the  axis  of 

— ^  and  of  -jffi  the  corresponding  values  of  V  and  of  P^- 
Let  us  take  an  example.     Suppose  that,  on  the   axis   of  — «^ 

(log.  --75 )»  we  have  marked  at  a  given  point  -yj«0.7.    The  vector 

comprised  between  the  origin  and  this  point  represents  log.  (0.7). 
In  a  proposed  problem,  a  certain  velocity  of  translation  is  given,  such 

that,  in  laying  out,  on  the  axis  of  -^,  a  suitable  vector,  we  should 

find  the  point  0.7.    If  this  is  so,  the  speed  F should  have  the  value  de- 
rived from  the  equation 

-L-0.7 
noDo 

in  which 

no«  800  revolutions  per  minute  » 13.33  revolutions  per  second. 

2?o=*  3  meters. 

From  this  we  find 

F-=  0.7  X  3  X  13.33  =  28  meters  per  second  =  100.8  kilometers  per 

hour. 

F 
On  the  axis  of  -j^,  adjacent  to  the  division  0.7  we  write  the  number 

100.8.   If  then  at  any  time  we  have  aspeed  of  100.8  kilometers  per  hour, 

we  know  that  the  vector  log.  —^  which  must  be  laid  off  on  the  axis 

of  abscissae,  will  be  such  that  its  origin  is  at  the  point  0,  while  its  ex- 
tremity is  at  the  point  marked  0.7  or  100.8. 

FoUowing  the  same  principle,  the  axis  of  ordinates  is  graduated  in 
horsepower.  Let  it  be  desired  to  fijid  the  point  on  this  axis  to  which 
corresponds  a  power  P^=100  horsepower.    In  the  construction  of 

the  broken  line  we  have  to  trace  the  vector  — jm*  ^  which  P^— 

100  X  76  =  7,600  kilogram-meters. 

no»  13.33  revolutions  per  second;  i>o=>3 
We  have  then 

13.33»X3*    """^"^ 

Adjacent  to  the  point  already  marked  0.013  on  the  axis  of  ordi- 
nates, we  write  the  number  100. 
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6.  STUDY  OF  THE  PROPERTIES  OF  SCREW  PROPELLERS— THE  DUGRAM 
OF  THE  AEROTECHNIC  INSTITUTE  OF  SAINT-CYR. 

At  the  Aerotechnic  Institute  of  Saint-Cyr,  for  each  propeller, 
there  are  first  made  certain  observations  with  the  propeller  held  at 
a  fixed  point  (not  propelling  the  car)  and  the  following  curve  is 
then  constructed : 

Abscissae  7\r=revolutions  per  minute. 
Ordinates  IIo™  tractive  pull  in  kilograms. 
P/«^ «  horsepower  on  shaft. 

Following  this,  with  the  propeller  lused  to  propel  the  car,  similar 
measures  are  taken. 

For  a  speed  «=  V  and  revolutions  per  minute  =»  JV  or  revolutions  per 
second  =»  n^  let  the  traction  or  thrust  =-  n  and  power  on  the  shaft  —Pe- 
We  then  compute,  for  the  same  rotative  speed  of  the  propeller,  the 
ratios 

HP,  nv     . 

It  is  assumed,  as  a  sufficient  first  approximation  in  practice,  that 

these  ratios  are  simple  functions  of  -r^*     Curves   are  next  plotted, 

V 
for  which  the  values  of  — ^  are  absdsssd  and  the  values  of  the 

preceding  ordinates. 
Let  us  consider,  for  a  given  type  of  propeller,  the  ratios: 


According  to  Col.  Charles  Renard,  who  was  the  first  to 
the  use  of  these  expressions  in  the  r/uudy  of  the  screw  propeller  at  a 
fixed  point,  these  ratios,  for  each  type  of  propeller,  are  constant; 
they  are  the  same  for  all  similar  propellers  dediuced  from  the  type. 

n     P 

If  this  is  so,  the  ratios  ^>  p-^  are  proportional  to  the  magni- 

n       p  . 

tudes    3  2>4^     a|^y  considered  by  M.  Eiffel. 

n       P 
But  if  the  coefficients  ot^,  fi^  of  Col.  Renar4,  zjm*  ~Tnt  ^^  ^'  Eiffeli 

vary  with  n,  it  may  be  assumed  that  this  variation  will  remain  nearly 

the  same  at  all  speeds  of  translation.    The  curve  which  represents 

n  F  * 

g-  as  a  function  of  — ^  may  be  the  same,  whatever  the  value  of  n,  so 

n  V 

long  as  the  curve  representing  —^  ^  ^  function  of  ^  varies  with  n. 

This  IS  the  reason  for  the  mode  of  representation  adopted  at  the 
Aerotechnic  Institute  of  Saint-Cyr. 

72806*— S.  Doc.  569, 64-2 88 
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CHAPTER  rv. 
THE  RESULTS  OF  EXPERIMENT. 

1.  WITHIN  WHAT  LIMITS  MAT  THE  RESULTS  OF  EXPERIMENTS  MADE 
ON  MODELS  BE  APPLIED  TO  FULL-SIZED  MACHINES  7 

We  have  seen,  Chapter  II,  that  e^qperimenters  have  studied  the 
problem  of  the  resistance  of  the  air  either  on  reduced  size  models,  or 
on  modeb  nearly  full  size  or  on  actual  full-size  models.  The  most 
complete  and  important  results  are  those  obtained  by  M.  Eiffel  on 
models. 

One  question  presents  itself  immediately:  Are  all  these  experi- 
mental results  comparable  among  themselves  ?  To  what  extent,  for 
actual  airplanes,  may  we  use  the  results  of  experiments  carried  out 
on  a  reduced  scale  ? 

Consider  a  body  surroxmded  by  the  air  and  having  a  velocity  of 
translation  Y  relative  to  it.  If  §  is  a  suitably  chosen  surface,  dis- 
tinctive or  characteristic  of  the  form  or  design,  the  resistance  of  the 
air  may  be  expressed  by  the  equation: 

E^KSY^ (1) 

jiT  being  a  coefficient  of  the  nature  of  a  density. 

We  may  first  note  a  law  sufficiently  exact  in  a  great  number  of 
cases,  and  which  was  formulated  in  the  seventeenth  century  by 
Huyghens,  Mariotte,  and  Pardies  as  follows: 

If  the  density  of  the  air  remains  the  same  (experiments  carried 
out  in  air  at  sensibly  the  same  temperature  and  pressure),  the 
coefficient  K  depends  solely  on  the  form  of  the  body  studied. 

For  similar  bodies,  the  coefficient  K  is  constant,  whatever  may  be 
the  value  of  the  velocity  F.  The  realization  of  an  experiment  on  a 
reduced  scale  similar  to  an  experiment  full  size  is  easy.  We  may 
choose  at  will  the  scale  of  tne  model  and  the  velocity  for  the 
experiment. 

We  have  assumed  that  the  body  is  given  a  movement  of  translation 
relative  to  the  air;  such  a  restriction  is  not  essential.  The  movement 
of  the  body  in  the  air  may  be  more  complex,  accompanied,  for  exam- 
ple, by  rotation;  such  is  the  case  of  a  screw  propeller.  In  any  such 
case,  however,  the  peripheral  velocities  for  the  model  and  for  the 
full-sized  machine  should  be  in  the  same  ratio  as  the  velocities  of 
translation  or  advance. 

For  sustaining  propellers,  the  speeds  of  advance  are  zero,  and  this 
condition  is  fulnlled.  If  2?  is  the  diameter  of  the  propeller  and  n 
the  number  of  revolutions  in  unit  time,  if  S^  is  the  area  of  the  circle 
swept  by  the  blades,  we  draw  readily  from  (1)  the  laws  announced  in 
ld03  by  Col.  Charles  Renard;  viz,  for  similar  propellers  we  have: 

n  p  (0) 

-1^— constant,  -n^«  constant 

where  n«  traction  or  thrust  of  propeller  and  P,|=»  useful  power 
expended. 
594 
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It  follows  immediately;  from  what  has  been  said  above,  that  these 
formulso  may  be  extended,  with  different  coefficients,  to  proptdaive 
propellers  when  the  combination  of  speed  of  advance  and  of  rotation 
gives,  for  homologous  points,  speeds  equally  inclined  to  the  axis. 

In  other  words,  provided  the  values  of  -^  are  the  same  for  two  pro- 
pellers geometrically  similar,  the  results  of  experiments  made  on 
one  of  them  are  applicable  to  the  other.  We  may  apply  to  traction, 
screw  propellers  geometrically  similar  to  equation  (1)  by  considering 

that  the  coefficient  Kis  b.  function  of  — g* 

For  the  win^  of  an^  airplane  and  for  airplanes  complete,  M.  Eiffel 
assumes  that  A  is  a  simple  function  of  the  form  of  the  body  under 
investigation.  It  is  on  this  assumption  that  the  formulsB  of  para- 
graph 1  of  Chapter  III  have  been  established. 

M.  Eiffel  bases  his  conclusions  in  this  regard  on  a  comparison  of 
results  of  tests  made,  on  the  one  hand,  by  Commandant  Dorand  on 
a  biplane  in  free  jQd^ht.  and,  on  the  other  hand,  by  himself  by  means 
of  a  fan  on  a  model  oi  this  airplane  built  to  a  scale  of  1/14.5. 

Let  us  denote  by  RgV^  the  drift  (equal  to  the  thrust  of  the  pro- 

Seller)  measured  on  the  airplane  full  size.  Let  us  call  /^^  the  coef- 
cient  by  which  it  is  necessary  to  multiply  the  results  of  flie  experi- 
ments on  the  full-sized  machine  in  order  to  pass  to  the  model.  The 
drift  of  the  model  at  a  scale  of  1/14.5  will  be,  at  the  velocity  F, 
equal  to 

This  drift,  brought  to  a  speed  of  10  meters  (32.8  feet)  per  second, 
has  for  value, 

1      g,F^     /lOV ,2) 

"  Similarly,  the  thrust  on  the  model,  calculated  from  the  thrust  Ry  V* 
measured  on  the  airplane  and  brought  to  the  speed  of  10  meters  per 
second,  has  for  value, 

"-bi^Af)' «> 

These  values  r^'  and  Vy'  may  be  compared  with  the  values  r,  and  r^ 
measured  directly  on  the  model  placed  before  the  fan. 
From  this  the  following  values  were  found : 

Ai,= 0.99 

fly^l.Ol 

M.  Eiffel  believed  that  he  was  justified  in  concluding  from  these 
results  that  the  law  as  stated  above  (law  of  similitude,  supposing  K 
constant)  was  verified  within  1  per  cent.  We  do  not  consider  the 
conclusion  justified.    The  measurements  of  M.  Eiffdi  and  those  of 
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Commandant  Dorand  were  not  made  imder  the  same  conditions. 
In  those  of  M.  Eiffel  the  model  of  the  propeller  was  fixed;  in  those  of 
Commandant  Dorand  the  propeller  revolved  before  sustaining  planes. 
Now  the  wind  from  the  propeller  has  on  the  wings  a  certain  action; 
it  therefore  seems  to  result  that  the  agreement  within  1  per  cent 
between  the  results  of  M.  Eiffel  and  those  of  Commandant  Dorand 
shows  that  if  the  experiments  had  been  carried  out  imder  conditions 
really  comparable,  tne  results  obtained  would  have  shown  a  definite 
divergence. 

Comparative  experiments  on  surfaces  and  their  models  (ratio  of 
1/10)  have,  furthermore,  been  made  at  the  same  relative  velocity  at 
the  laboratory  of  Saint-Cyr  (method  bv  car)  and  at  the  Eiffel  labora- 
tory. For  varying  values  of  the  angle  of  incidence  i,  the  values  of 
K^  and  Ky  were  plotted  for  a  certain  number  of  surfaces.  The  fol- 
lowingresults  were  obtained: 

(a)  xhe  curves  for  Ky  Have  the  same  general  form;  those  deter- 
mined by  the  car  are,  in  general,  above  mose  determined  from  the 
model:  £ney  are,  moreover,  readily  distinguished  from  them. 

(6)  The  curves  for  K^  likewise  nave  the  same  general  form;  those 
determined  by  the  car  are  sometimes  above  and  sometimes  below 
the  others.  On  the  whole,  it  is  very  difficult  to  draw  any  conclu- 
sions from  these  divergencies.  On  the  one  hand  the  forces  to  be 
measured  are  very  small;  on  the  other,  with  the  surfaces  parallel  to 
the  current  of  air,  the  nature  of  the  surfaces  (duck  for  the  airplane 
at  Saint-Cyr  and  well  poUshed  wood  for  the  model),  with  their  rough- 
ness or  slight  deformations,  mav  assimi^e  the  highest  importance. 

(c)  As  regards  the  centers  of  thrust  (intersection  of  the  resultant 
of  the  air  resistance  with  the  chord  of  the  profile  of  the  surface  in 
the  plane  of  symmetry),  the  afireement  is  m  general  satisfactory. 
However,  for  certain  surfaces,  M.  Eiffel  finds  this  point  a  little  far- 
ther from  the  attacking  edge  than  the  Institute  of  Saint-Cyr;  for 
other  surfaces,  it  is  the  mverse. 

According  to  this  result,  it  does  not  seem  that  M.  Soreau  is  correct 
in  assuming  that  the  law  of  similitude  is  less  exact  in  regard  to  the 
location  of  the  resultant  of  the  resistance  than  in  regard  to  its  mag- 
nitude. However,  we  shall  find  later  certain  other  experimentol 
results  which  seem  to  justify  this  conclusion. 

((2)  As  to  the  distribution  of  the  pressure  (both  above  and  below 
normal)  over  the  two  faces  of  the  sixrfaces,  the  general  agreement  ia 
quite  satisfactory.  The  systematic  divergence  is  marked  By  this  fact 
tnat  the  values  of  the  drop  of  the  pressures  below  normal  (n^ative 
pressure  or  suction)  on  the  upper  face  are  greater  for  the  car  than  for 
the  fan,  which  agrees  with  the  comparison  of  the  values  of  K^.  For 
certain  angles,  near  the  attacking  ed^e,  the  experiments  with  the  car 
indicated  a  relatively  greater  value  of  tne  drop  oelow  normal  pressure. 

In  the  comparison  of  the  results  obtained  with  the  surfaces  tested 
full  size  on  the  car  and  with  models  1/10  tested  by  the  fan  (same  rela- 
tive velocity),  there  was  found  the  same  general  form  of  curve  for 
the  results,  with  the  vertical  force  appearmg  systematically  a  little 
greater  for  the  car  than  for  the  fan. 

M.  de  Guiche  deduces  from  his  experiments  on  curved  aerofoils 
the  following  conclusions : 

Two  aerofoils  of  the  same  spread,  but  with  different  profiles  geo- 
metrically similar^  are  not  comparable. 
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He  has  studied  the  two  following  forms : 

(a)  Thick  aerofoil  (maximum  thickneaB,  101  miUlmeten  (4  inches))  with  cir- 
cular curvature. 

Ghord«120  centimeters  (47.3  inches). 

UftTJiniim  height  of  mean  line  segment-i-length  of  chord -^1/10  (mean  line 
segmentssintersection  of  plane  of  symmetry  with  the  surface  equidistant 
between  the  two  faces,  upper  and  lower). 

Maximum  height  of  upper  line  segment-i-length  of  chords  1/7  (upper  line 
segment aiintenection  of  plane  of  symmetry  with  the  upper  face  of  aerofoil). 

8pr«idsi70  centimeters  (68  inches). 

Radius  of  curvature  of  the  upper  face  v  130  centimeters  (51  inches). 

Radius  of  curvature  of  the  lower  face— 252  centimeters  (99.3  inches). 

The  two  surfaces  are  joined  b>r  half  circles  of  14  millimeters  (56  incnes)  radius. 

{b)  Aerofoil  of  which  the  section  is  a  proportional  reduction  of  the  preceding, 
in  the  mtio  of  one-half. 

Maximum  thickness»50  millimeters  (2  inches). 

Spread«170  centimeters  (68  inches). 

Cnord  ss60  centimeters  (23 . 7  inches) . 

Radius  of  curvature  of  upper  face=:65  centimeters  (25.5  inches). 

Radius  of  curvature  of  lower  face»126  centimeters  (49.7  inches). 

Radius  of  connecting  circless7  millimeters  (0.28  inch). 

These  similar  profiles  are  subject  to  reductions  below  the  nonnal 
pressure  very  dinerent  at  corresponding  points.  For  the  same  angle 
of  incidence  there  is  no  relation  between  the  distribution  of  pressures 
above  and  below  normal  on  the  two  faces.  The  variations  of  the 
thrust  and  the  center  of  the  thrust  are  verv  different  in  the  two  cases. 
On  form  (a)  the  point  of  application  of  the  resultant  advances  con- 
stantly toward  the  attacking  edge  as  the  angle  of  incidence  increases 
up  to  25®  (limit  of  the  experiment).  Oa  form  (6),  on  the  contrarv, 
the  point  of  application  of^the  resultant  advances  toward  the  attack- 
ing edge  until  the  angle  i  — about  12®,  then  for  values  of  i  greater 
than  12®  it  returns  toward  the  center  of  the  wing. 

The  curve  of  the  values  of  E^  is  sensibly  the  same  for  the  two  forms, 
but  the  curve  of  the  values  of  K^  takes  very  different  forms  in  the 
two  cases.  For  form  (a)  the  values  of  K^  increase  constantljr  up  to 
i«25®.  For  form  (6)  K^  passes  througn  a  maximum  for  i  =  12®. 
This  appears  to  be  the  cntical  angle  for  this  form;  it  marks  at  the 
same  tune  the  maximum  of  Ky  and  the  most  advanced  position  of 
the  force. 

We  have  insisted  on  these  results  of  experiment  which  show  clearly 
that,  for  wings  and  for  airplanes,  the  law  of  simiUtude  based  on  an 
assumed  constant  value  of  K  is  not  exact. 

Nevertheless,  we  believe  that  this  law  is  sufficient  for  the  guidance 
of  constructors  regarding  the  aerodynamic  quaUties  of  aerofoils,  or 
of  complete  airplanes  for  which  the  design  is  in  hand. 

Regarding  screw  propellers,  this  law  is  not  of  itself  sufficient. 
It  is  not  enough  that  the  experiments  on  a  propeller  full  size  and  on 


its  model  should  be  made  in  such  manner  that  -7>  shall  have  the  same 

value.  It  is  necessary,  further,  that  the  speed  of  advance  V  and,  in 
consequence,  the  peripheral  speed  x  nD  shall  be  the  same.  Equation 
(1)  is  apphcable  tor  propellers  moving  forward  throii^h  the  air  on 

condition  of  considering  £  as  a  function  not  only  of  -jy  but  of  V. 

It  is  thus  necessary,  in  order  to  keep  the  revolutions  of  the  pro- 
peller within  an  upper  limit  of  3,600,  to  hold  to  a  scale  not  exceeding 
one-third  for  the  models  of  screw  propellers. 
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Theoretical  considerations  developed  by  M.  Jonmety  and  which 
would  require  too  much  space  for  extended  notice  nere,  show  that 
this  departure  from  the  law  of  Huyghens,  Mariotte,  ana  Pardies  is 
due  to  the  compressibility  of  the  an:,  which  becomes  of  importance 
at  the  high  relative  velocities  of  the  blades  and  Ithe  air  which  are 
realized  in  the  case  of  screw  propellers. 

These  same  theoretical  considerations  show  that,  for  the  speeds  of 
advance  used  in  aviation  (25  to  30  meters  (82  to  98.  4  feet)  per  second) , 
a  more  exact  law  of  similitude  may  be  realized  bv  corrections  for  the 
perturbation  due  to  the  viscosity  of  the  air.  To  this  end  it  would 
serve  to  test  the  model  at  a  speed  equal  to  that  of  the  airplane  mul- 
tiplied by  the  linear  ratio  between  airplane  and  model. 

If  F  is  the  speed  of  advance  of  the  airplane  and  v  that  of  the 

model  at  the  scale  ratio  of  ^f  ^^  hs^e  for  the  resistances  of  the  air 

Bv    Kv^^/Vy 


Bv    Kv^jV\ 


V     1 
If  then  we  take  —  =-^and  Kv^  K^ 


we  shall  have  Bv^r^. 


V      X 


2.  THE  DISPLACEMENT  OF  A  BODY  UNDER  TEST  THROUGH  THE  AIR 
AND  THE  MOVEMENT  OF  THE  AIR  WITH  RESPECT  TO  A  FIXED  BODY. 

M.  de  Ouiche  has  foimd  for  certain  surfaces,  notably  for  planes' 
distributions  of  pressure  differing  from  those  foimd  by  M.  Eiffel. 
The  latter  has  found,  on  the  following  face,  only  zones  of  pressure 
below  the  normal.  M.  de  Guiche,  on  the  contrary,  for  angles  of 
incidence  less  than  20°;  has  found  zones  of  pressure  above  the  normal. 
Now  the  experiments  in  the  two  cases  are  verjr  numerous  and  have 
been  made  with  the  greatest  care.  The  differing  results  are,  then, 
due  to  phenomena  wmch  appear  in  one  of  the  modes  of  experimen- 
tation and  not  in  the  other. 

The  principle  of  relative  motion  is,  in  fact,  not  in  question.  What 
is  in  doubt  is,  whether,  by  the  method  of  the  tunnel,  conditions  can 
be  developed  which  permit  the  assimiption  of  equal  relative  motions 
in  the  two  cases. 

Let  us  consider  a  solid  which  moves  with  a  velocity  F  in  an  indefi- 
nite medium  originally  at  rest.  At  a  ^iven  moment,  far  from  the 
origin  of  movement,  we  majr  distinguish  two  regions  in  the  space 
siuToimding  the  body  under  investigation.  One,  formed  of  re^ons 
far  removed  from  the  solid,  is  not  disturbed  by  the  passage  of  the 
latter.  At  each  of  these  points  there  is  a  velocity  relative  to  the 
moving  body  of — F,  equal,  parallel  and  in  the  opposite  direction  to 
the  velocity  of  translation  K.  The  other  region,  situated  near  the 
body,  is  disturbed  by  the  movement  of  the  latter.  Relative  to  the 
moving  body,  each  point  in  this  region  has  a  velocity  which  is  the 
resultant  of 

(a)  A  velocity  — F  equal,  parallel,  and  opposite  in  direction  to  the 
velocity  of  the  body. 

(&)  A  velocity  W  due  to  the  motion  of  the  solid  body. 

This  last  velocity  is  a  function  of  the  disturbance  brought  into  the 
medium  by  the  passage  of  the  body.    It  depends,  furthermore,  not 
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only  on  the  fonn  of  the  body,  on  its  dimensions,  on  the  degree  of 
polish  of  its  surface,  but  also  on  the  properties  of  the  mediiun,  its 
viscosity,  and  the  initial  conditions  of  the  movement. 

Let  us  now  assimie  the  solid  fixed  and  the  surrounding  mediiun  to 
be  displaced  relative  to  it.  This  mode  of  experimentation  should 
realize  the  conditions  which  require  the  application  of  the  principle 
of  relative  movement.  For  this  it  is  necessary  that,  from  the  moment 
when  permanent  conditions  are  established,  the  velocity  at  each  point 
in  the  medium  disturbed  by  the  presence  of  the  soUd  should  be 
equivalent  to  the  resultant  of  the  two  velocities  — Fand  W. 

It  is  assumed  in  the  method  of  the  tunnel  that  such  a  resultant  is 
obtained  by  giving  to  the  fluid,  in  the  undisturbed  Darts,  a  velocity 
—  V.  In  particular,  in  the  experiments  in  the  miost  of  a  moving 
column  of  air,  it  is  assumed  that  it  suffices  to  draw  the  air  into  one 
of  the  extremities  of  the  tmmel  sufficiently  removed  from  the  body 
placed  in  the  interior.  Now  this  fact  does  not  imply  that  the  veloc- 
ity, in  the  disturbedpart,  is  equivalent  to  the  resultant  of  the  two 
velocities — Fand  TT. 

The  viscosity  of  the  fluid  may  intervene  in  such  manner  as  to  cause 
the  state  of  the  disturbed  re^on  to  depend  on  the  mode  of  producing 
the  relative  motion.    Experiment  alone  can  decide. 

Now,  as  we  shall  see  at  a  later  point,  comparison  of  the  experi- 
ments of  M.  de  Quiche  and  of  M.  Eiffel  shows  that  the  phenomena 
observed  in  the  method  with  the  tunnel  are  not  always  identical  with 
those  which  residt  from  the  movement  of  a  sohd  body  in  free  air. 

We  should  note,  however,  that  the  study  of  pressures  below  normal 
made  at  the  Institute  of  Saint-C^fT  (method  by  use  of  car)  do  not 
show,  in  comparison  with  the  experiments  of  M.  Eiffel,  the  differences 
,which  M.  de  Ouiche  has  noted.  The  question  involved  here  does  not 
seem  to  be  completely  elucidated.  In  particular  it  seems  desirable 
that  M.  de  Guicne  should  reproduce  certain  of  his  experiments  with 
his  apparatus  at  Saint-Cvr  in  order  to  establish  the  atmospheric 
pressure  in  the  free  brancnes  of  the  manometers  used  for  measuring 
the  pressures  above  and  below  the  normal. 

In  any  case,  the  solution  of  such  a  question  can  be  of  interest 
only  from  the  viewpoint  of  the  science  of  aerodynamics.  It  does 
not  present  the  same  interest  from  the  viewpoint  of  practical 
aviation.  From  the  latter  viewpoint,  we  consiaer  as  equivalent 
the  two  methods  of  producing  the  relative  movement  between 
the  air  and  the  body  under  investigation. 

3.  THE  AERODYNAMICS  OF  THE  PLANE— PLANES  ORTHOGONAL. 

When  the  body  is  a  thin  orthogonal  plane  we  may,  in  practice, 
take  for  the  coefficient  Kof  equation  (1)  the  value  £!io  =  0.080  (0.0015 
pound  second-feet).    M.  Eiffel  has  found  that  this  coefficient  varies 

(a)  With  the  extent  of  the  surface; 

(6)  For  a  surface  of  given  extent,  with  the  form  of  the  contour. 

M.  Soreau  has  proposed,  in  order  to  represent  the  various  values 
found  by  M.  Eiffel,  the  empirical  formula: 

^        0.0888  g^-^ 
^«>~H-0.116iS«-« 

The  surfaces  on  which  M.  Eiffel  has  operated  are.  in  general, 
too  small;  the  perturbations  caused  by  the  influence  oi  the  ooimd- 
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axies  are  preponderant.  It  would  be  necessary  to  operate  on  sur- 
faces of  whicn  one  of  the  sides  has  a  length  greater  than  1  meter 
(3.28  feet).  With  such  surfaces,  steady  conditions,  characterized 
by  isobars,  parallel  to  the  sides  of  the  plate,  would  be  established 
and  would  assume  the  preponderance.  We  m^ht  thus  determine 
for  K^  a  value  characteristic  of  this  regular  regimen,  and  which 
would  be  independent  of  the  area  of  the  plate  and  of  the  form  of 
its  contour. 

Experiments  over  so  wide  a  field  have  not  been  made.  How- 
ever, M.  de  Quiche,  studying  a  rectangular  plate  100  by  60  centi- 
meters (39.4  by  23.6  incties),  found  A^o*  0.083. 

In  order  that  the  thickness  of  the  plate  normal  to  the  direc- 
tion of  relative  motion  may  have  any  influence,  it  is  necessary 
that  this  thickness  be  of  the  order  oi  the  transverse  dimensions 
of  the  plate.  From  the  point  where  the  thickness  of  the  plate  is 
equal  to  one  of  the  transverse  dimensions,  the  coefficient  K^  varies, 
first  decreasing  and  then  increasing  as  the  thickness  increases. 

M.  Eiffel  has  studied,  by  means  of  the  fan,  the  combination  formed 
by  two  thin  orthogonal  planes  separated  by  a  variable  distance. 
He  has  been  led  to  we  following  conclusions,  applicable,  for  example, 
to  disks  30  centimeters  (11.8  inches)  diameter: 

(1)  The  force  on  the  combination  diminishes,  first,  in  propor- 
tion as  the  separation  increases.  It  passes  through  a  minimum  for  a 
certain  value  of  the  separation,  and  then  increases  ajgain. 

(2)  The  force  on  the  combination  does  not  begin  to  exceed  the 
force  on  an  isolated  plate  until  the  plates  are  very  considerably 
separated. 

(3)  The  force  on  the  combination  has  always  been  less  than  the 
sum  of  the  forces  on  each  of  the  plates  taken  alone.  The  effect 
of  shielding  due  to  the  forward  plate  makes  itsdf  felt,  even  when  tiie 
plates  are  very  far  apart. 

(4)  The  pressure  on  the  plate  exposed  directly^  to  the  wind  is 
approximately  independent  of  the  separation,  but  it  always  moder- 
ately exceeds  the  pressure  on  an  isolated  plate. 

(5)  The  shielded  plate  is  first  drawn  toward  the  forward  plate. 
This  attraction  varies,  first  increasing  in  absolute  value  with  the 
separation  of  the  plates,  passing  through  a  maximum  correspondiujg 
to  the  minimum  of  the  total  force,  and  then  decreases  to  zero.  This 
attraction  is  then  changed  into  repulsion,  of  which  the  absolute 
value  increases  with  increase  in  the  separation  of  the  plates. 

(6)  On  the  plate  directly  exposed  to  the  wind,,  the  mean  pressures 
on  the  leading  face  (above  normal)  and  on  the  following  face  (bdow 
normal)  are  sensibly  independent  of  the  separation  of  the  plates. 

(7)  The  mean  pressures  on  the  leading  and  following  faces  of  the 
shielded  plate  are  below  normal,  so  long  as  the  plates  are  not  very 
far  apart. 

The  mean  drop  in  pressure  on  the  leading  face  is,  in  absolute 
value,  at  first  greater  tnan  that  on  the  following  face. 

The  total  mean  force  on  the  plate  is  such  as  to  tend  to  bring 
together  the  two  plates  (attraction  for  the  shielded  plate). 

^or  a  suitable  separation  of  the  two  plates,  not  only  the  mean 
forces  but  also  the  forces  at  each  point  on  the  shielded  plate  are 
sensibly  zero,  and  the  resultant  mean  force  is  zero. 
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Finally^,  when  the  separation  of  the  plates  mcreases  beyond  a 
certain  umity  the  mean  total  pressure  on  the  shielded  plate  becomes 
such  as  to  tend  to  produce  further  separation  (repulsion  of  the 
shielded  plate). 

4.  AERODYNAMICS  OF  THE  PLANE— PLANE  INCLINED  TO  THE  DIREC 
TION  OF  RELATIVE  MOVEMENT— PLANE  ISOLATED. 

(a)  DISTIIIBUnON  OF  PBBB8UKBS,  ABOVE  AND  BBLOW  NORMAL. 

(1)  As  soon  as  the  plane  exceeds  certain  dimensions  there  is 
foundy  on  both  the  leading  and  following  f ftces.  a  central  zone  where 
a  re^ar  regimen  becomes  established.  The  existence  of  this 
zone  is  shown  by  isobars  parallel  to  the  attacking  edge.  In  this 
entire  zone  the  phenomenon  is  delGjied  by  |^e  distribution  of  the 
pressures  along  the  line  of  steepest  gradient.  The  study  of  this 
serves,  in  many  cases,  to  characterize  a  surface. 

M.  Eiffel  has  studied  only  this  mode  of  distribution  of  pressures 
above  and  below  normal.  The  dimensions  of  the  sides  of  the  planes 
which  are  normal  to  the  wind  were,  in  some  cases,  too  smau  and 
the  experimenter  was  able  to  observe  only  the  pressures  in  the  dis- 
turbea  zone  near  the  boundaries  of  the  plane. 

(2)  The  boundary  zones  of  disturbance  have  a  width  sensibly 
constant,  which  is,  for  the  leading  edge,  some  20  centimeters  (7.9 
inches),  and  for  the  following  edge,  from  40  to  50  centimeters  (15.8  to 
19.7  inches).  In  consequence,  in  order  that  the  regular  regimen 
may  be  in  evidence  the  plane  should  have  a  spread  at  least  twice 
the  width  of  the  zones  of  disturbance. 

(3)  Special  study  of  the  leading  face  of  plane : 

Angles  of  incidence  less  than  20^. 

Bourlet  has  proposed  the  following  formula  deduced  from  theo* 
retical  considerations: 

Total  pressure  on  leading  face: 

System  of  units,  kilogram-meter-second. 
5  =  area. 

Z«  depth  in  direction  of  wind. 
y=  speed. 

C7«  coefficient  which  depends  on  the  form  of  the  plane. 
C  is  of  the  form. 

where  X«  perimeter  of  plane. 
M.  de  Guiche  has  found  by  experiment: 

.4  =  3.8  5  =  0.11 

With  these  values  the  formula  becomes: 

P=(o.050-0.0014  ^)  (smi)'*iSr*P 
For  surfaces  sufficiently  large 

P-0.050  (sin i)^*iSr*P 
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This  formula  is  not  applicable  for  angles  of  incidence,  t,  sach 
that  the  pressures  measured  along  a  line  of  greatest  slope  become 
less  than  normal.  The  pressures^  thus  measured,  decrease  in  fact 
continuously  from  the  forward  edge.  They  may  even  become 
negative  in  the  vicinity  of  the  following  edge.  The  existence  of 
pressiures  below  the  normal  comes  into  evidence  for  smaller  angles 
of  incidence  as  the  ratio  of  the  fore  and  aft  to  the  transverse  dimen- 
sions is  smaller.  In  the  experiments  of  M.  de  Guiche  it  was  deter* 
mined  that  such  pressure  below  normal  began  to  appear  as  follows: 

For  surface  180  by  120  centimeters (70 .87  by  47.24  inches)  from  i = 20^ 
For  surface  180  by  80  centimeters(70.87  by  3 1 .50  inches)  from  i  =  lO"*. 
For  surface  180  by   40  centimeters (70.87  by  1 5.76  inches)  from  i  =  8"*. 

The  lateral  turbulent  zones  show  pressures  less  than  those  foimd  at 
an  equal  distance  from  the  attacking  edge. 

(4)  Special  study  of  leading  face  of  plane : 

Angles  of  incidence  exceeding  20®. 

The  formula  of  Bourlet  is  not  applicable.  The  maximum  pressure 
is  no  longer  at  the  leading  edge.  This  becomes,  when  the  angle 
increases,  a  zone  of  lesser  pressure  like  the  three  other  sides. 

(6)  Special  stndy  of  following  face  of  plane : 

Angles  of  incidence  less  than  20®. 

In  the  regular  zone  (isobars  parallel  to  the  attacking  edge),  for 
depths  of  plane  sufficient  to  render  negligible  the  influence  of  the 
boundaries,  the  pressxu'e  at  a  given  point  and^  for  a  given  an^e  of 
incidence  appears  to  be  a  fimction  solely  of  its  distance  from  the 
attacking  edge. 

M.  Eiffel  has  not  observed  counter  pressures  on  this  back  face  of 
the  plane.  On  the  other  hand,  M.  de  Guiche  has  very  clearly  observed 
them.  This  is  one  of  the  differences  between  the  residts  obtained  by 
one  or  the  oUxer  of  the  methods  of  experimentation. 

(6)  Special  stndy  of  following  face  of  plane : 

Angles  of  incidence  exceeding  20®. 

There  are  no  longer  any  coimter  pressures  on  the  following  face. 
The  distribution  of  the  pressures  below  normal  becomes  quite  uni- 
form. 

(b)  TOTAL  FORCE. 

(1)  According  to  M.  Eiffel,  the  total  force  passes  through  a  maxi- 
mum for  an  angle  of  incidence  of  about  37®. 

According  to  M.  de  Guiche  the  total  force  increases  up  to  angles 
of  45®;  beyond  tiat  it  remains  sensibly  constant. 

For  angles  of  inclination  comprised  between  0  and  10®,  rectangular 
plates  for  which  the  transverse  dimensions  are  greater  than  the  fore 
and  aft  are  subject  to  the  greatest  total  pressures. 

For  angles  less  than  10®,  the  following  formula  may  be  taken: 


^-(^•2+l)l6o(*^**«8~^> 


(2)  The  center  of  pressure,  that  is  to  say,  the  point  where  the  line 
of  the  resultant  force  intersects  the  thin  plane,  is  at  the  center  of  the 
plate  when  the  plane  is  perpendicular  to  the  line  of  relative  move* 
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ment.  In  proportion  as  the  inclination  decreases;  the  center  of  pres- 
sure advances  toward  the  leading  edge^  even  to  the  smallest  vahies 
of  the  angle. 

(3)  The  resultant  of  the  air  pressures  is,  for  inclinations  exceeding 
about  10^;  sensibly  perpendicular  to  the  plane.  For  smaller  angles 
of  inclination  the  angle  of  the  resultant  with  the  perpendicidar  to  the 
line  of  relative  motion  is  greater  than  the  inclination  of  the  plane; 
the  resultant  is  inclined  to  uie  normal  to  the  plane  behind  this  normal. 

(4)  Thick  plates* 

If  the  thickness  of  a  plane  plate  is  increased,  leaving  the  ends  plane 
and  at  right  angles  with  the  twt>  faces,  there  is  introduced  but  slight 
change  as  compared  with  the  phenomena  described  for  thin  planes, 
except  that  the  head  resistance  is  increased  as  the  thickness  is  made 
greater. 

(6)  Thick  plane  plate  with  leading  or  following  edge  provided 
with  cntwater. 

With  a  cutwater  on  the  following  edge,  the  ratio  drift/lift  is  notably 
less  than  without.  It  is  more  advantageous  to  find  the  following  than 
the  leading  edge. 

It  is  preferable  to  have  the  forward  cutwater  edge  toward  the  lower 
rather  than  the  upper  side. 

Finally,  the  law  of  variation  of  the  center  of  force  is  entirely  dif- 
ferent from  that  indicated  above  for  planes. 

5.  AERODYNAMICS  OF  THE  PLANE— PLANES  IN  TANDEM. 

M.  de  Guiche  has  experimented  with  three  elements  of  aluminum 
of  1  meter  (39.4  inches)  spread,  20  centimeters  (7.9  inches)  fore  and 
aft  width,  and  8  millimeters  (0.32  inches)  thickness.  He  has  studied 
the  distribution  of  the  pressures  along  the  median  line  of  maximum 
gradient,  forward  and  aft,  in  the  three  following  cases: 

(a)  Elements  in  contact  (interval  zero). 

(6)  Elements  separated  by  interval  of  5  centimeters  (1.97  inches). 

(c)  Elements  separated  by  interval  of  10  centimeters  (3.94  inches). 

(1)  Stndy  of  forward  face : 

The  character  of  the  variation  of  the  diminution  of  the  pressures 
from  the  leading  to  the  following  edge  is  the  same  for  the  separated 
elements  as  for  those  in  contact.  The  pressure  diminishes  contin- 
ously  from  the  leading  to  the  following  edge. 

Second  element:  If  we  consider  the  second  or  middle  element,  the 
maximum  pressure  in  the  vicinity  of  the  leading  edge  does  not 
become  sensibly  equal  to  that  for  the  leading  edge  of  the  first  element 
unless  the  separation  of  the  two  elements  is  equal  to  10  centimeters 
(3.94  inches).  For  the  distance  of  5  centimeters  (1.97  inches)  the 
maximum  pressure  on  the  second  element  is  inferior  to  the  maximum 
pressure  on  the  first  element.  As  regards  the  forward  face,  then, 
the  second  element  does  not  behave  as  if  it.  were  alone  unless  the 
distance  of  the  two  elements  is  equal  to  10  centimeters  (3.94  inches^. 

Third  element:  The  maximum  pressure  near  the  leading  edge  is 
always  clearly  less  than  that  for  the  second  element. 

Total  pressure  on  forward  face:  For  angles  of  incidence  less  than 
15^,  it  is  less  for  the  separated  elements  than  when  they  form  a  con- 
tinuous Biuf  ace. 
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For  angles  between  15^  and  25^,  it  is  greater  for  the  separated  than 
f 01^  the  continuous  elements. 

For  angles  greater  than  25"^,  it  is  sensibly  the  same  for  the  sepa- 
rated as  ^r  the  continuous  elements. 

(2)  Study  of  rear  face : 

The  first  element  shows  pressures  below  normal,  similar  to  those 
for  the  isolated  plane  (no  pressures  above  noimal). 

On  the  second  element,  similarly^  only  pressures  below  normal  are 
observed.  For  small  angles  of  incidence  (4^  to  6®)  the  drop  below 
normal  pressure  near  the  forward  edge  is  much  more  pronounced 
than  for  the  first  element. 

This  relation  is  less  marked  in  proportion  as  the  angle  of  incidence 
is  increased;  it  k  even  reversed  for  angles  exceeding  30^. 

On  the  third  element,  positive  pressures  are  observed  for  very  small 
angles  of  incidence  and  then  pressures  below  normal  for  ^ater  angles. 

As  to  the  total  drop  in  pressure  on  the  rear  face,  it  is  m  generaliess 
for  the  separated  than  for  the  continuous  elements. 

(3)  Total  force. 

This  is,  in  general,  less  for  the  separated  than  for  the  continuous 
elements. 

The  center  of -pressure  of  the  combination,  defined  bv  its  dist^^nce 
from  the  f orwara  ed^e  of  the  first  element,  chaii^es  less  (with  variable 
angle  of  incidence)  Tot  the  elements  with  separation  than  when  con- 
tinuous. 

6.  AERODYNAMICS  OF  PLANE  AEROFOILS,  ARRANGED  STEPWISE* 

M.  de  Gxdche  has  studied  the  disposition  of  planes  stepwise. 

The  planes  are  parallel:  the  leadmg  edge  of  each  element  is  on  the 
normal  passing  through  tne  following  edge  of  the  preceding  element. 

The  steps  are  arranged  in  two  ways:  Du-ect,  if  in  going  in  the  direc- 
tion of  the  wiud  one  descends  the  steps;  reverse,  if  in  going  in  the 
direction  of  the  wiud  one  mounts  the  steps. 

The  planes  of  brass,  which  M.  de  Guiche  has  used,  have  a  spread 
of  100  centimeters  (39.4  inches),  a  depth  of  12  centimeters  (4.7  inches), 
a  thickness  of  4.5  millimeters  (0.18  ipches);  the  separation  of  the 
planes  was  either  2  centimeters  (0.79  inches)  or  4  centimeters  (1 .58 
mches).    The  number  of  planes  was  three. 

(1)  Planes  direct :  Forward  or  lower  face. 

First  element:  Diminution  of  pressure  from  the  leading  to  the  fol- 
lowing edge. 

Second  element :  Inversely  as  compared  with  the  case  of  planes  in 
tandem,  the  leading  edge  is  subject  to  a  notable  negative  pressure 
and  the  maximum  positive  pressure  is  produced  to  the  rear  of  the 
leading  edge. 

Third  element:  The  maximum  positive  pressure  is  produced  at  a 
point  lyin^  behind  the  leadii^  edge,  but,  in  general,  the  leading  edge 
IS  not  subject  to  a  negative  pressure. 

These  phenomena  (relative  to  the  second  and  third  elements) 
become  more  pronounced  for  the  separation  of  4  centimeters  than 
for  that  of  2  centimeters. 
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(2)  Planes  direct :  Following  or  tipper  face. 

First  element:  This  is  subject  to  a  negative  pressiire.  It  behaves 
nearly  as  though  it  were  alone. 

Second  and  third  elements :  The  negative  pressures  are  less  marked 
than  for  the  first  element.  There  are  even  positive  pressures  pro- 
duced near  the  following  edge. 

(3)  Planes  reverse :  Forward  or  lower  face. 

This  system  has  been  studied  at  angles  of  incidence  of  6^,  8^,  and 
15^,  and  for  a  separation  of  the  elements  equal  to  4  centimeters  (1.58 
inches). 

First  element:  If  for  an  incidence  of  6**  we  consider  the  displace- 
ment cvlinder  of  the  first  element,  it  is  seen  that  the  second  and  the 
third  elements  project  into  this  cylinder.  There  results^or  this  ele- 
ment, a  diminution  of  pressure  on  the  leading  edjge.  The  latter  is 
no  longer  subject  to  the  maximum  pressure,  which  is  carried  aft. 
This  jmenomenon  disappears  at  incidences  of  8®  and  15®.  Tlie  de- 
crese  in  the  pressure  tnen  follows  continuously  from  the  leading 
edge  aft. 

Second  and  third  elements:  For  angles  of  incidence  of  6®  and  8^, 
the  phenomena  are  the  same  as  for  the  steps  in  direct  form. 

At  15®,  the  second  element  is  almost  snut  out  bv  the  first;  this 
element  is  subject  entirely;  to  a  negative  pressure.  The  third  element 
is  subject  in  part  to  positive  pressure;  there  is,  however,  negative 
pressure  near  the  leadmg  edge. 

(4)  Planes  reverse :  Bear  or  upper  face. 

At  the  incidence  of  8®,  the  negative  pressure  on  the  second  and 
third  elements  is  marked  near  the  leading  edge;  it  is  from  1.5  to  2.5 
times  as  great  as  on  the  first  element. 

Hiere  is  here  a  phenomenon  similar  to  that  which  has  been  observed 
with  Venturi  tubes  disposed  in  series. 

(5)  Total  force. 

The  total  force  on  the  system  is  less  than  for  a  continuous  plane  of 
the  same  surface. 

The  drift  is  more  considerable  on  accoxmt  of  the  more  nimierous 
edges. 

This  type  of  combination  is  not  to  be  recommended. 

M.  EiSel  has  determined  the  total  force  and  the  drift  for  planes 

{>arallel  to  each  other  and  without  stepwise  interval.    We  shall  return 
ater  to  the  consideration  of  curved  aerofoils,  for  which  the  results  are 
aimilar. 

7.  AERODYNAMICS  OF  CURYED  AEROFOILS— ISOLATBD. 

There  has  been  made  in  France  a  very  considerable  number  of 
experiments  on  curved  aerofoils,  isolated. 

M.  Eiffel  has  operated  on  models;  a  very  considerable  number  of 
them  have  a  spread  of  90  centimeters  (35.5  mches)  and  a  depth  along 
the  chord  of  15  centimeters  (5.9  inches)  (aspect  ratio-* 6).  He  has 
not  used  aerofoils  of  Jess  than  45  centimeters  (17.8  inches)  spread 
with  the  same  depth  as  above.  M.  Eiffel  considers  the  mean  surf aea; 
that  ia,  the  surface  equidistant  from  the  two  actual  surfaces  of  the 
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aerofoil.  The  nominal  height  of  the  curved  contour  is  the  ratio  of  the 
height  of  the  arc  for  this  mean  surface  to  the  chord. 

M.  de  Quiche  has  studied  aerofoils  for  which  the  spread  is  170 
centimeters  (67  inches)  and  the  depth  along  the  choid  120  centi- 
meters (47.3  inches)  (aspect  ratio -=1.4).  However,  in  certain  cases 
the  depth  was  reduced  to  60  centimeters  (23.6  inches). 

At  me  Institute  of  Saint-Cyr  there  have  been  studied  aerofoils  for 
which  the  spread  varies  from  5  to  10  meters  (16.4  to  32.8  feet),  the 
depth  varying  from  2  to  2.5  ineters  (6.56  to  8.40  feet). 

(a)  DETEBMINATION  OF  THB  PBESSUBES  POSmVE  AND  NBGATIYB. 

(1)  Beyond  a  certain  value  of  the  spread  there  deveIoi>s  a  regular 
regimen,  involving  the  entire  surface  with  the  exception  of  two 
lateral  turbulent  bands.  This  regimen  is  indicated  by  isobars  parallel 
to  the  leading  edge. 

It  appears  that  the  fairly  uniform  width  of  the  bands  of  turbulence 
does  not  exceed  20  centimeters  (7.9  inches).  It  is  desirable,  there- 
fore, to  use  no  aerofoils  with  a  spread  less  than  40  centimeters  (15.8 
inches). 

(2)  Each  one  of  the  faces  of  the  aerofoils  joins  in  the  support,  but 
not  equally.  The  pressures  supported  by  the  lower  face,  at  ordinary 
incidences  of  flight,  assimie  a  smaller  share  of  the  total  force  than  the 
negative  pressures  on  the  back. 

(3)  He  lower  face  is  subject  to  the  influence  of  the  upper  face,  but 
is  itself  witliout  influence  on  the  latter. 

(4)  The  curvature  of  the  back  determines  the  distribution  of  the 
negative  pressures;  it  deviates  upward  the  lines  of  air  flow. 

An  exaggerated  height  of  the  arc  for  the  curvature  on  the  back 
produces  a  harmful  counter  pressure  on  the  following  edge  of  the 
wing. 

Ine  displacement  of  the  maximum  height  of  arc  toward  the  leading 
edge  cames  a  corresponding  displacement  of  the  maximum  value  of 
the  negative  pressure,  and  in  consequence  a  reduction  in  the  drift 
value. 

The  ideal  would  be  to  suppress  in  an  aerofoil  harmful  pressures, 
positive  or  negative  (that  is  to  say,  to  have  on  the  upper  face  only 
negative  pressures  and  on  the  lower  face  onlv  positive  pressures),  and 
to  find  the  pressure  of  the  atmosphere  onlv  at  the  loUowing  edge, 
where  the  lines  of  air  flow  join  together  without  shock.  The  Key  ot 
the  i)roblem  seems  to  involve  the  maximum  height  of  the  arc  and 
position  between  the  leading  and  following  edges. 

(5)  The  negative  pressiu*es  are  not  modifi^  bv  the  form  of  the 
leading  edge;  this  has  onlv  a  local  influence.  It  nas  been  said  that 
this  ec^e  snould  be  roimded,  under  a  penalty  of  a  reduction  of  the 
negative  pressures  on  the  back  of  the  aerofoil.  There  is  nothing  to 
this.  It  IS  better  to  make  it  sharp  in  order  to  facilitate  its  penetra- 
tion. 

A  French  engineer,  M.  Constantin,  has  proposed  a  concave  form 
for  the  leading  edge.  M.  de  Gtiiche  found  that  this  form  did  not 
show  the  advantages  which  its  inventor  had  anticipated.  However, 
it  is  only  fair  to  say  that  by  means  of  the  fan,  M.  Eiffel  arrived  at  an 
opposite  conclusion. 
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(6)  In  general  for  angles  involved  in  aviation,  the  modes  of  varia- 
tion of  pressures,  positive  and  negative,  are  similar  in  aU  the  results 
obtained  bv  difFerent  experimenters. 

The  modes  of  variation  of  the  negative  pressures  on  the  back  fall 
into  two  principal  types, 

(a)  The  negative  pressure  starts  from  a  certain  value,  often  smaU, 
near  the  leading  edge;  it  then  increases  continuously  passing  aft, 
passes  through  a  maximimi,  then  decreases  regularly  to  the  following 
edge. 

This  mode  of  distribution  is  foimd  with  thick  aerofoils  (monoplane 
type)  of '80  to  100  millimeters  (3.15  to  3.79  inches)  maximum  tnick- 
ness. 

(6)  The  n^ative  pressure  is  very  pronounced  at  the  leading  ed^e. 
Passing  aft,  me  value  decreases,  passes  through  a  minimum,  then  m- 
creases,  passes  through  a  secona  maximum,  m  general  less  than  the 
first,  and  finally  decreases  regularly  to  the  neighborhood  of  the 
following  ed^e. 

M.  Eiffel  nas  foimd  such  modes  of  variation  with  thin  planes 
(biplane  type)  of  20  to  35  millimeters  (0.79  to  1.38  inches)  thiclmess. 

The  combination  of  the  two  modes  (a)  and  (h)  is  found  very  marked 
in  the  case  of  aerofoils  presenting  steps  on  the  back.  The  lower  face 
has  a  re^lar  curvature,  but  the  upper  face  is  formed  stepwise.  The 
combiaation  thus  constituted  gives  the  impression  of  being  formed  of 
two  or  three  aerofoils  joined  one  behind  another. 

With  one  projecting  ridge  (up  to  incidences  of  5^)  there  is  found,  in 
going  from  the  leading  to  me  foUowing  edges,  a  maximum  of  negative 
pressure,  a  minimum,  and  finally  a  maximum. 

With  two  projecting  ridges  (up  to  incidences  of  6®)  there  is  found 
a  maximum  of  negative  pressure,  a  minimum,  a  maximum,  a  mini- 
mum,  and  finally  a  maximum. 

For  an  incidence  of  10^,  the  distribution  is  the  same  as  for  mode 
(6),  but  with  several  maxima  and  minima  in  the  depth  of  the  surface 
(one  projectii^  ridge,  two  minima  and  a  maximum;  two  projecting 
ridges,  two  minima  and  two  maxima). 

(7)  We  have  now  examined  the  mode  of  distribution  of  the  nega* 
tive  pressures  on  the  back  of  the  aerofoil.  If  next  we  consider  the 
lower  face,  there  are  foimd,  in  general,  no  negative  pressures  except 
near  the  following  edge.  On  the  remainder  of  the  face  the  pressures 
are  positive.  In  general,  in  passing  from  the  leading  edge  aft,  the 
pressure  increases  first  a  little,  passes  a  maximum,  and  then  decreases 
to  the  following  edge. 

However,  certain  aerofoils  (with  projecting  ridges  on  the  back) 
show,  for  angles  of  incidence  near  0^,  negative  pressures  near  the 
leading  edge. 

(8)  Two  aerofoils  of  the  same  spread  and  with  similar  but  not 
equal  sections  are  not  comparable. 

(9)  However,  as jpomted  out  by  M.  de  Guiche,  it  is  the  aerofoil  with 
the  largest  value  of  the  aspect  ratio  which  presents  the  most  marked 
advantages.  It  is  desirable  that  extended  investigations  should  be 
made  on  aerofoils  of  different  depths  with  the  same  spread; — that  is  to 
say,  on  aerofoils  with  varying  values  of  the  aspect  ratio  and  geo- 
metrically similar  in  section — m  order  to  determine  if  for  a  given  sec- 
tion, there  is  a  best  value  of  this  ratio,  and  what  is  this  value. 
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It  may  be  noted  that  M.  Eiffel  considers  6  as  this  best  value  of  the 
aspect  ratio. 

(6)  Total  resultant  and  point  of  application. 

(1)  The  total  resultant  force  continuously  increases  with  the  angle 
of  incidence;  at  least  within  the  range  of  interest  in  aviation. 

As  to  the  force  center  (intersection  of  the  total  resultant  with 
the  chord  of  the  section)  it  approaches  nearer  and  nearer  to  the 
leading  edge  as  the  angle  of  incidence  increases  from  zero,  at  least 
within  the  ranee  involved  in  aviation.  This  is  the  inverse  of  what 
takes  place  with  a  plane. 

If  we  pass  beyond  the  anjgles  involved  in  aviation  (angles  less  than 
10°);  the  force  center  agam  recedes  from  the  leading  edge  as  the 
incidence  increases. 

(2)  If  aerofoils  of  varying  thickness  have  the  same  surface  of  mean 
curvature,  they  are  the  more  advantageous  as  the  thickness  is  less. 

M.  Eiffel  has  shown^  in  effect,  that  imder  these  conditions  the  ratio 

-^  continuously  increases  with  the  thickness  of  the  aerofoil. 

It  follows  that  if  it  is  desired  to  compare  the  qualities  of  two 
aerofoils,  it  is  necessary  to  use  only  forms  with  the  same  maximum 
thickness  and  with  the  same  aspect  ratio. 

(3)  A  distinction  may  be  drawn  between  thick  and  thin  sections 
for  aerofoils. 

Thick  aerofoils  are  suited  more  especially  to  monoplanes,  because 
they  must  contain  solid  structural  memoers.  Sucn  aerofoils,  in 
general,  have  a  thickness  of  about  90  millimeters  (3.55  inches)  at 
one-third  and  50  millimeters  (1.97  inches)  at  two-thirds  of  the  depth 
from  the  leading  edge. 

Thin  aerofoils  are  used  for  biplanes.  Their  maximum  thickness 
varies  between  30  and  90  millimeters  (1.18  and  3.56  inches). 

For  good,  thick  aerofoils  and  for  an  angle  of  incidence  i«=5.6°  we 

have  ^-0.079,  with  Zp  =  0.0043  and  jKy  =  0.055. 

These  are  values  suited  to  a  monoplane. 

With  i«2,l^  we  have  ^=0.069,  with  Z,  =  0.0019  and  Ky-^0.027. 

But  this  angle  is  too  small  for  a  normal  angle  of  incidence  for  a 
plane. 

For  a  thin  aerofoil  of  thickness  equal  to  63  millimeters  (2.48  inches) 

and  an  angle  of  incidence  i= 5.3°  we  have -^« 0.058,  with  -^—0.0023 

and  Ky= 0.040. 
For  a  thin  aerofoil  of  thickness  equal  to  45  millimeters  (1 .77  inches) 

and  an  angle  of  incidence  i  =  8°  we  have  ^—0.091,  with  ^—0.0055 

and  JE;,- 0.060. 
These  values  are  suited  to  the  wings  of  biplanes. 

(4)  The  lateral  edges  of  the  wings  exert  a  feeble  influence  on  their 
quality.  However,  tne  trapezoidal  form  with  the  larger  base  behind 
seems  more  effective  than  tne  rectangular  form. 

(5)  With  certain  forms  of  wing  (wing  provided  along  the  leading 
edge  with  a  concave  edge  forming  a  sort  of  crest,  wing  with  thick, 
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rounded  leadin^^  edge);  M.  Eiffel  has  found  discontinuities  in  the 
curves  of  ELg  and  Ky  in  relation  with  different  regimens  of  the  flow  of 
the  air.    But  such  phenomena  are  exceptional. 

S.  AERODYNAMICS  OF  CURVED  AEROFOILS— COMBINATIONS  OF  CURVED 
AEROFOILS— ARRANGEMENT  IN  BIPLANE. 

M.  Eiffel  has  determined  the  varying  values  of  Rj^j  By,  Fj,,  Fy,  for 
the  various  parts  of  a  Dorand  biplane,  these  parts  being  subject  to 
experimental  investigation  assembled  in  complete  form,  or  separate. 

This  biplane  consists  of  a  principal  cell  formed  of  two  identical 
planes  14.5  by  2.25  meters  (47.56  by  7.38  feet).  These  planes  are 
separated  in  height  by  a  distance  of  1.95  meters  (6.4  leet),  that 
is,  by  a  height  sensibly  equal  to  the  depth  of  the  plane.  They 
are  stepped  a  distance  of  85  centimeters  (2.79  feet),  upper  plane 
leading.  They  are  joined  by  two  series  of  10  oblique  struts.  A 
forward  equiliorator  and  a  tail-plane  element  formed  by  two  parallel 
planes  are  mounted  on  a  cross-braced  fuselage.  These  two  elements 
are  conji^ate,  constituting  thus  a  secondary  control,  completely 
mobile.  The  tail-plane  element  forms  with  the  principal  planes  a  V 
angle,  plainly  marked. 

(1)  With  an  apparatus  thus  formed,  the  sustentation  for  the  cell 
alone  is  notably  greater  than  for  the  biplane  entire.  The  tail-plane 
element,  far  from  aiding  in  the  support,  receives  on  the  back  the  air 
deviated  by  the  principal  planes.  It  thus  reduces  the  carrying 
power. 

(2)  The  influence  of  the  two  principal  parallel  planes,  separated  by 
a  distance  sensibly  equal  to  their  depth,  is  evidenced  by  a  loss  of 
carrying  power  of  about  20  per  cent  of  that  for  the  complete  but 
isolateaceU.    If  we  denote  tne  total  canying  surface  of  tne  planes 

by  Sy  the  effective  supporting  surface  of  the  biplane  is  r-7y 

(3)  The  upper  plane,  in  the  presence  of  the  lower  plane,  behaves 
as  though  it  were  isolated.  Tne  lower  plane,  under  the  influence 
of  the  upper  plane,  loses  about  one-thira  of  the  carrying  power  of 
the  isolated  plane. 

In  a  biplane,  the  lower  plane  then  operates  poorly  with  regard 
to  carrying  power.  It  may,  without  inconvenience,  be  reduced,  if 
such  reduction  brings  other  advantages. 

(4)  For  the  ordinary  angles  of  incidence,  the  head  resistance  of 
all  the  parts  aside  from  the  principal  cell  is  about  7  per  cent  of  the 
sustentation.  The  head  resistance  of  all  parts  aside  from  the  planes 
is  about  10  per  cent  of  the  sustentation. 

These  values  are  applicable  to  biplanes. 

(5)  The  stepwise  arrangement  of  the  planes  does  not  give  any 
appreciable  advantage  witn  regard  to  sustentation  and  head  resist- 
ance, but  renders  the  construction  more  difficult. 

Such  a  stepwise  arrangement  is  not,  in  general,  to  be  recommended. 

9.  THE  AERODYNAMICS  OP  CURVED  AEROFOILS— COMBINATIONS  OP 
CURVED  AEROPOILS— AEROPOILS  IN  TANDEM. 

Let  us  consider  two  aerofoils  of  diflferent  spread,  situated  one 
behind  the  other  (planes  in  tandem) .  If  the  aerofoil  with  the  smaller 
spread  is  leading,  it  is  said  that  the  two  elements  form  a  "duck" 
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type.  If  the  aerofoil  with  the  lesser  spread  follows,  it  is  considered 
equivalent  to  the  ''ordinary  monoplane"  type. 

The  angle  made  by  the  chords  of  the  two  aerofoils  in  the  plane  of 
symmetry  is  the  angle  of  d^calage,  or  simply  the  d6calage,  of  one  of 
these  planes  with  relation  to  the  other. 

If,  m  the  plane  of  sjrmmetry,  the  leading  ed^e  of  the  following 
plane  is  in  the  prolongation  of  the  chord  of  the  feading  profile,  it  is 
said  that  the  vertical  displacement  of  the  two  planes  is  zero. 

M.  Eiffel  has  made  a  series  of  experiments  with  two  planes  of  the 
same  type,  of  which  one  has  an  aspect  ratio  of  6  (90  oy  15  centi- 
meters (35.5  by  5.9  inches))  and  the  other  of  3  (45  by  15  centimeters 
(17.8  by  5.9  inches)). 

The  "duck"  type  has  been  studied  (vertical  displacement  zero) 
with  values  of  the  angle  of  d6calage  varying  from  2^  to  6^  and  separ- 
rations  of  the  planes  equal  to  4/3  and  8/3  their  width. 

The  '' ordinary  monoplane"  type  has  been  studied  with  a  d6calage 
of  4l°  and  separations  oi  the  elements  identical  with  the  preceding. 

Finally,  M.  Eiffel  has  studied  the  tandem  type  with  equal  elements. 

The  angle  of  incidence  of  this  combination  of  elements  is  the  angle 
relative  to  the  chord  of  the  leading  element. 

(1)  "Duck"  type. 

From  the  viewpoint  of  sustentation  and  of  head  resistance,  it  i^ 
advantageous  to  mcrease  the  separation  of  the  elements,  and  not  to 
exceed  a  certain  angle  of  d^calage. 

Suppose  that,  for  various  a^es  of  incidence,  there  have  been 
determined  the  total  resultants  of  the  air  forces  on  the  combination 
of  elements.  We  shall  denote  the  aggregate  of  these  by  the  term 
"bundle  of  resultants." 

In  the  study  of  this  bundle,  the  following  results  are  obtained: 

(a)  The  bundle  is  always  located  toward  me  middle  of  the  interval 
which  separates  the  two  elements.  It  is  then  in  this  region  that  the 
center  of  gravity  of  an  airplane  of  this  type  should  be  foimd. 

(6)  For  a  given  distance  between  the  elements,  the  bimdle  is  so 
much  the  more  extended  as  the  d6ca1age  is  greater. 

(c)  For  a  given  d£calage,  the  bundle  is  so  much  the  more  extended 
as  the  distance  between  the  elements  is  greater. 

This  longitudinal  change  in  the  bundle  of  resultants  has  relation 
with  the  longitudinal  stability  of  an  airplane  of  this  type. 

(d)  For  a  given  distance  between  the  elements^  the  bundle  of 
resultants  is  (Ssplaced  toward  the  forward  element  m  proportion  as 
the  d^calage  is  increased. 

In  an  aurplane  of  the  "duck"  type,  if  the  d^calage  is  increased 
it  is  necessary  to  move  the  center  of  gravity  forward. 

Let  us  suppose  that  in  such  an  airplane  the  center  of  gravity  is  on 
the  propeller  shaft.  For  equilibrium  under  a  certain  angle  of  inci- 
dence, it  is  necessary  that  tlie  resultant  corresponding  to  this  angle 
pass  through  the  center  of  gravity.  From  this,  let  us  drop  normals 
on  the  other  resultants  of  the  bimdle,  resultants  which  correspond  to 
varying  angles  of  incidence.  It  is  then  easy  to  calculate  the  moments 
of  these  resultants  with  reference  to  the  center  of  gravity.  These  are 
the  stabilizing  moments.  They  are  considered  positive  when  they 
tend  to  turn  tneir  lever  arm  in  direction  inverse  to  the  movement  of 
the  hands  of  a  watch.    They  are  negative  in  opposite  case. 
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Let  us  represent  these  stabilizing  moments  by  setting  oft  as  abscissas 
the  angles  of  incidence,  and  as  ordinates  the  stabilizing  moments. 

The  airplane  is  longitudinally  stable  when,  for  increasing  values  of 
the  angle,  the  curve  of  the  moments  descenos  continuomly  from  left 
to  right,  cutting  the  axis  of  abscissn  at  the  point  of  equiliDrium.  Tt 
18  unstable  when,  for  increasing  angles,  the  curve  of  moments  rises 
firom  left  to  right.  * 

When  study  is  made  of  such  curves  for  the  "duck"  type,  it  is  seen 
that,  from  the  viewpoint  of  stability,  it  is  not  well  to  realize  too  great 
an  angle  of  d6cala^  for  the  two  elements. 

The  manageabihty  of  the  airplane  rec[uires  also  that  the  d6calage 
shall  not  be  too  great,  and  that  the  distance  between  the  elements 
shall  also  not  be  too  considerable.  It  is  desirable  that  the  stabilizing 
moments  should  not  exceed  50  kilogram  meters  (361  pound-feet). 

From  this  same  viewpoint  it  is  desirable  that  the  center  of  gravity 
of  the  airplane  should  not  be  too  low. 

M.  Eiffel  has  studied  a  vertical  displacement  of  the  elements  ap* 
proximately  equal  to  one^uarter  of  the  depth  of  an  element.  Tne 
effect  of  such  a  displacement  is  so  little  sensible  that  it  may  be  taken 
as  negligible. 

(2)  ''Ordinary  monoplane"  type. 

The  influence  of  the  elements,  one  on  the  other,  is  evidenced  by  a 
reduction  of  the  sustentation  and  by  an  increase  in  the  head  resist- 
ance in  relation  to  the  sustentation  and  to  the  head  resistance  of  the 
elements  without  mutual  action. 

The  relative  diminution  of  the  sustentation  is  independent  of  the 
fore  and  aft  separation  of  the  elements.  The  resultants  are  grouped 
on  the  forward  element.  The  center  of  gravity  of  an  airplaue  pro- 
vided with  such  planes  must  be  located  in  this  region. 

Hie  bundle  of  the  resultants  is  opened  out  considerably  when  the 
distance  between  the  elements  is  doubled. 

(3)  Tandem  with  eqnal  elements. 

From  the  viewpoint  of  sustentation  and  of  head  resistance,  this 
type  is  clearly  inferior  to  the  ''ordinary  monoplane"  tyi)e. 

In  this  last  type  it  is  therefore  not  advantageous  to  increase, 
beyond  a  certain  mnit,  the  spread  of  the  tail-plane  element. 

The  biplane  arrangement  is  also  preferable  to  the  tandem  type  with 
equal  elements. 

It  may  be  said  that  this  last  arrangement  is  not  to  be  recommended 
in  the  construction  of  apparatus  for  aviation. 

(4)  In  a  tandem,  the  following  element  is  influenced  by  the  for- 
ward element.  M.  Eiffel  has  studied  the  conditions  of  operation 
of  such  an  element. 

(a)  If  we  designate  by  ia  the  angle  of  incidence  of  the  influenced 
element  to  the  path  of  the  combmation  of  the  elements,  the  force  on 
this  element  is  equal  to  the  force  which  would  be  exerted  on  the 
element  isolated,  for  which  the  angle  of  incidence  would  be 

* 
The  ancle  P  depends  on  all  the  factors  which  fix  the  relative  posi- 
tions of  me  elements,  that  is  to  say,  on  the  distance  between  the 
elements,  on  the  vertical  displacement,  on  the  angular  d6calage,  and 
on  the  relative  spread  of  the  two  elements. 
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(b)  Whatever  may  be  ihe  characteristics  of  ihe  combination  of  the 
dements,  the  drift  of  the  influenced  element  is  practically  equal  to 
that  for  the  same  element  isolated. 

lYom  the  viewpoint  of  the  drift,  there  is  no  need  of  distinguishing 
between  the  real  angle  of  incidence  v  ^^^d  the  apparent  angle  ta> 

(c)  Whatever  may  be  the  characteristics  of  the  combination  of 
elements,  the  leading  element  of  a  tandem  behaves  like  an  isolated 
element. 

(d)  Case  of  tail  planes. 

When  the  law  of  variation  of  the  real  angles  of  incidence  v  hi  rela- 
tion to  the  apparent  angles  ia  is  known,  and  also  the  values  of  Ey  as 
a  function  oi  the  angles  of  incidence  for  the  isolated  tail  plane,  it  is 
possible  to  determine  the  force  acting  on  a  tail  plane  placed  behind 
an  ordinary  monoplane. 

Let  us  take  an  example.  Consider  an  ordinary  monoplane  of  which 
the  principal  plane  has  dimensions  of  10  by  2  meters  (32.8  by  6.56 
feet)  and  the  tail  element  is  formed  by  a  plane  3  by  1  meters  (9.84 
by  3.28  feet)  placed  5  meters  (16.4  feet)  behind  the  principal  plane, 
with  vertical  displacement  zero.  Let  us  suppose  that  the  angular 
d6cala^e  of  the  tail  element  (form  V)  with  relation  to  the  principal 
plane  is  6"^.  If  the  normal  angle  for  horizontal  flight  is  6^  (angle 
of  the  principal  plane  with  the  horizontal  trajectory)  the  apparent 
angle  ox  the  tail  plane  making  a  V  with  the  principal  plane  is  zero. 

Let  us  assume  that  the  law  of  variation  of  the  real  angles  of  inci- 
dence as  a  function  of  the  apparent  angles  gives  —  5.4**  for  the  real 
angle  of  incidence  of  the  tail  plane.  Tne  study  of  the  plane  gives 
then  Ky==  -0.02.  The  force  on  the  tail  plane,  for  a  speed  of  30 
meters  (98.4  feet)  per  second,  is  -0.02x3x900= -54  kilograms 
(119  pounds). 

Now  if  the  tail  plane  were  isolated  and  making  with  the  trajectory 
an  angle  of  zero,  the  force  would  be  zero.  Such  a  negative  force  of 
54  kilograms  (119  poimds)  is  of  the  greatest  importance  with  regard 
to  equmbrium. 

10.  THE  APPARATUS  OF  AVUTION. 

M.  Eiffel  has  made,  by  the  fan  method,  a  great  number  of  tests  on 
models  of  certain  forms  of  apparatus.  From  these  tests  we  may 
deduce  a  certain  number  of  nQes,  which  we  shall  state  at  a  later 
point;  rules  which  may  serve  to  establish  the  preliminary  design  of 
an  airplane. 

The  interesting  experiments  at  the  Institute  of  Saint-Cyr  on  an 
airplane  entire  (by  means  of  the  car)  or  on  an  airplane  in  free  flight 
are  not  yet  sufficiently  numerous  to  give  groimd  for  rules  of  constric- 
tion for  airplanes.    However,  these  results  merit  statement. 

(1)  M.  Eiffel  has  shown  fully  the  use  which  may  be  made  of  a  study 
of  the  logarithmic  diagram  for  the  conditions  of  operation  of  an  air- 
plane in  horizontal  movement.  It  is  thus  that  he  has  studied  the 
regime  of  maximum  speed  for  a  given  power  and  also  the  economical 
r^riine. 

The  maximum  speed  for  horizontal  flight  depends  more  especially 
on  the  engine  installed  on  board  the  avion  (see  fig.  3,  point  ij). 

The  economical  regime,  or  rfigime  of  minimum  power  for  given 
weight  (see  fig.  3,  pomt  i,),  is  of  great  interest.  In  fact,  when  an 
avion  rises  with  the  maximum  vertical  speed,  it  is  placed  in  condi- 
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tiODS  snch  that  the  useful  power  dereloped  shall  be  minimum,  the 
excess  of  power  being  utilized  for  raising  the  airplane  to  the  greatest 
possible  height. 
The  limitmg  speeds  of  an  airplane  for  planing  are: 
(a)  The  maximum  speed  of  normal  horizontal  flight. 
(5)  The  speed  corresponding  to  the  mininium  slope. 

This  minimum  is  defined  by  the  minimum  value  of  W^«    The  angle 

which  corresponds  to  this  minimum  is  the  best  angle  of  planing  of 
Col.  Charles  Renard. 

The  motive  quality  or  sustaining  quality  of  an  airplane  intnoduced 
by  the  Constructor  Louis  Br6guet  nas  for  value 


in  which 

p  —  efficiency  of  propeller. 

^»  weight  in  kilograms  carried  per  square  meter  of  surface. 

Pu 
P-7J-— useful  work  (kilogram-meter-second)  of  the  motor  propeller 

combination  per  kilogram  of  weight  carried.  This  power  corresponds 
to  the  efficiency  p  of  the  propeller  and  to  the  fuU  power  Pit  of  the 
motor. 

Fm— maximum  vertical  speed  in  meters  per  second. 

(2)  Ordinary  monoplaiLes. 

The  following  coefficients  result  from  the  experiments  of  M.  Eiffel. 

(a)  The  loacb  sustained  in  relation  to  the  sustaining  surface  vary 
between  25  and  36  kilograms  per  square  meter  (5.12  to  7.17  pounds 
per  square  foot). 

(h)  The  maximum  speeds  of  horizontal  ffight  are  comprised  be- 
tween 26.4  and  33.3  meters  per  second  (86.6  and  109.3  feet  per 
second)  or  96  and  120  kilometers  per  hour  (69  and  74.6  miles  per 
hour). 

The  speeds  for  the  economical  regime  vary  between  19.44  and  25 
meters  per  second  (63.8  and  82  feet  per  second)  or  70  and  90  kilo- 
meters per  hour  (43.6  and  55.9  miles  per  hour). 

Let  us  give  the  name  '*  portance  "  to  the  ratio : 

The  portance  for  maximum  speed  of  horizontal  flight  varies 
between  0.026  and  0.040.  The  portance  for  economical  speeds 
varies  between  0.040  and  0.070.  The  values  utilized  vary^  there- 
fore, between  0.025  ^d  0.070. 

(a)  The  maximum  useful  power  (maximum  horizontal  ffight) 
per  100  kilograms  (220  poimds)  of  weight  carried  varies  between  8  and 
11  horsepower. 

The  minimum  useful  power  (economical  regime)  per  100  kilo- 
grams (220  pounds)  of  weight  carried  varies  between  5  and  6  horse- 
power. 
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The  useful  power  expended  in  raising  100  kilograms  (220  pounds) 
with  the  maximum  vertical  speed  vanes  between  1.5  and  6  horse- 
power. 

(e)  The  maximum  vertical  speeds  vary  between  2.3  and  4.25 
meters  per  second  (7.55  and  13.94  feet  per  second). 

(f)  Let  us  assume  6  horsepower  per  100  kilograms  (220  pounds)  for 
the  economical  regime. 

Let  there  be  an  expenditure  of  2  horsepower  per  100  kilograms 
(220  pounds)  for  climbine.  This  permits  of  raising  100  kilograms 
(220  pounds)  a  distance  of  450  meters  (147.6  feet)  in  five  minutes. 

In  a  preliminary  design  we  may  assume  a  useful  power  of  8  horse- 
power per  100  kilograms  of  weight  carried. 

If  the  propeller  nas  a  mean  efficiency  of  0.70,  the  power  developed 
on  the  shaft  is  8/0.7  =  11.5  horsepower  per  100  kilograms  of  weight 
carried. 

In  a  preliminary  design  for  a  monoplane,  it  is  necessary  to  count 
on  11  to  12  horsepower  per  100  kilograms  (220  pounds)  of  total  weight 
carried,  say  120  horsepower  for  an  airplane  of  which  the  total  weight 
in  flying  condition  is  equal  to  1,000  kilograms  (2,204  pounds).  The 
consumption  per  horsepower  will  be  0.32  to  0.52  kilograms  (0.71  to 
1.15  pounds)  of  gasoline  and  oil,  and  the  weight  per  norsepower  of 
the  engine-propeller  equipment,  2  to  3.2  kHograms  (4.41  to  7.06 
pounds). 

(g)  The  minimum  values  of  ^  are  comprised  between  0.16  and  0.20. 

The  best  planing  angles  are  comprised  between  9®  and  11.3® 
(mean  angle  =  10®). 

The  ratios  of  the  limiting  speeds  for  planing  are  comprised  between 
1.27  and  1.48. 

(h)  The  values  of  the  motive  quality  are  comprised  between  0.83 
and  1.05. 

(3)  Biplanes. 

(a)  The  loads  carried  in  relation  to  the  carrying  surface  vary 
between  15  and  30  kilograms  per  square  meter  (3.07  and  6.15  pounds 
per  square  foot). 

(6)  The  maximum  speeds  for  normal  horizontal  flight  are  com- 
prised between  19.44  and  27.8  meters  per  second  (63.8  and  91.2  feet 
per  second),  or  70  and  100  kilometers  per  hour  (43.5  and  62. 1  miles  per 
nour).    The  economical  speeds  vary  between  13.9  and  22.2  meters 

Eer  second  (45.6  and  72.8  feet  per  second),  or  50  to  80  kilometers  per 
our  (31  and  49.7  miles  per  hour). 

(c)  The  values  of  the  portance  for  maximum  speeds  are  com- 

Erised  between  0.035  and  0.045  and  the  values  for  economical  speeds 
etween  0.060  and  0.065. 

The  values  utilized  lie  between  0.035  and  0.065 — that  is  to  say, 
within  narrower  limits  than  for  monoplanes. 

(d)  The  maximum  useful  power  per  100  kilograms  (220  pounds)  of 
weight  carried  varies  between  5  ana  7  horsepower. 

Tffie  minimum  useful  power  per  100  kilograms  (220  pounds)  of 
weight  carried  varies  between  4  and  5  horsepower. 

llie  useful  power  expended  in  lifting  100  kilograms  (220  poimds) 
with  the  maximum  vertical  speed  varies  from  0.5  to  2.5  horsepower. 

(e)  The  maximum  vertical  speeds  vary  between  0.5  and  1.6  meters 
per  second  (1.64  and  5.25  feet  per  second). 
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(f)  X^t  us  aasume  6  horsepower  per  100  kilograms  (220  pounds) 
miniTnum  useful  power  and  2  horsepower  per  100  kilograms  (220 
pounds)  for  useful  power  required  for  climbmg;  it  is  seen  that,  for 
100  kilograms  (220  pounds)  of  weight  carried,  there  will  be  required  a 
useful  power  of  7  horsepower,  or  a  power  of  10  horsepower  absorbed 
by  the  shaft,  assuming  0.70  for  the  mean  efficiency  of  the  propeller. 
Tnis  indicates  a  power  of  100  horsepower  for  an  airplane  of  1,000 
kilograms  (2,204  pounds). 

For  a  biplane  as  compared  with  a  monoplane,  there  is  therefore 
required  less  power  for  the  same  weight  earned. 

(g)  The  mininiUTn  values  of  -^  are  contained  between  0.142  and 

0.228.  The  best  planing  angles  range  between  8""  and  ll"".  The 
ratios  of  the  limiting  sp^ds  of  planing  are  comprised  between  1.08 
and  1.22. 

(A)  The  values  of  the  motive  quahty  are  comprised  between  0.76 
and  1.17. 

(4)  Hydravions. 

(a)  The  loads  in  relation  to  the  carrying  sxirface  vary  between 
30  and  40  kilograms  per  square  meter  (6.15  and  8.19  pounds  per 
square  foot). 

(ft)  The  minimum  useful  power  per  100  kilograms  of  weight  carried 
is  5  to  6  horsepower  for  hyoravions  with  floats  and  4  to  5  horsepower 
for  hydravions  with  a  boat  fuselage. 

For  the  first  it  is  necessary  to  provide  12  to  13  horsepower  (on 
accoimt  of  the  surface  tension  which  must  be  overcome  as  the  floats 
leave  the  surface  of  the  water)  for  the  power  developed  by  the  engine 
on  the  shaft  per  100  kilograms  of  weight  carried,  or  104  horsepower 
(say  an.engine  of  120  horsepower)  for  an  e<iuipment  weighing  800 
kilograms.  The  weight  of  tne  engines  in  flying  condition  represents 
about  45  per  cent  of  the  total  weight  of  the  entire  equipment. 

For  hydravions  with  a  boat  fuselage  it  is  necessary  to  count  on 
13  or  14  horsepower  per  100  kilograms  of  weight  carried  for  the 
power  developed  by  the  engine  on  the  shaft,  or  560  horsepower 
(two  engines  of  300  horsepower)  for  an  equipment  weighing  4,000 
kilograms  (weight  of  engines  » 45  per  cent  of  the  total  weight  of  the 
eqmpment). 

(5)  Experiments  made  at  the  Institute  of  Saint-Cyr  on  a  BUrio 
airplane. 

At  the  Institute  of  Saint-Cyr  a  study  has  been  made  by  the  car 
method  on  a  two-passenger  B16riot  monoplane  (side  by  siae).  This 
airplane  has  a  horizontal  tail  plane  in  form  of  V  with  the  main 
plane,  enlarging  toward  the  tail.    The  characteristics  are  as  follows: 

Totalspread ll.lOmeters    (36.4feet}. 

Length 9.00  meters    (29.5  feet). 

Area  of  the  planes 25.35  meters  '  (272.9  square  feet). 

Area  of  the  projection  of  the  fuselage 

(from  its  nose  to  the  heginning  of 

the  tail  plane) 3.27  meters  *  ^35.2  square  feet). 

Area  of  the  tail  plane 7.76  meters^  (S3.5 sqxiare  feet). 

Area  of  the  depth  rudder 1.68  meters  '  (18.1  square  feet). 

Anele  of  the  cnord  of  the  planes  with 

tiaetailphuxe 6**. 
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This  airplane  has  been  studied  between  the  incidoiceB  (angle  of 
the  chord  of  the  plane  near  the  fuselage  with  the  horizontal)  of 
+20^  and  —2^  for  three  positions  of  the  depth  rudder,  as  follows: 

(1)  Position  in  the  prolongation  of  the  tail  plane. 

(2)  Position  of  maximum  tximing  downward,  the  rudder  making 
then  an  angle  of  18^  with  the  tail  plane. 

(3)  Position  of  maximum  turning  upward,  the  rudder  making 
then  an  an^le  of  51^  with  the  tail  plane. 

There  is  determined,  as  a  function  of  the  incidences,  the  values  of 
Bx  and  By  and  the  distances  from  the  leading  edge  of  the  planes  to 
the  point  where  the  resultant  cuts  the  chord  of  tibe  planes  (in  the 
projection  on  the  plane  of  symmetry  of  the  airplane). 

The  following  results  have  been  obtained: 

(a)  The  values  of  Bx  are  sensibly  the  same  for  all  positions  of  the 
depth  rudder.  The  propulsive  resistance  is  sensibly  mdependent  of 
the  position  of  this  rudder. 

(ft)  For  a  given  value  of  the  incidence,  the  force  By  increases  con- 
tinuouslv  in  passing  from  the  rudder  position  for  upward  turning 
to  that  for  downward  turning. 

The  surface  of  the  depth  rudder  intervenes  then  in  the  sustentation. 

It  shoidd  be  noted  that  the  quotient  ktok  ^^^  ^^*  exactly  repre- 

sent  the  portance  of  the  airplane.  It  is  really  necessary  to  take 
into  account  the  surfaces  of  tne  tail  plane  and  of  the  depth  rudder, 
which,  with  the  variation*  of  the  incidence,  have  incidences  positive 
or  negative  relative  to  the  horizontal,  and  thus  intervene  in  a  variable 
manner  in  the  value  of  the  portance. 

(e)  The  position  of  what  may  be  called  the  center  of  pressure 
(intersection  of  the  resistance  of  the  air  with  the  chord)  for  a  given 
value  of  the  angle  of  incidence  varies  much  with  the  inclination  of 
the  rudder. 

For  a  given  value  of  this  anele,  the  center  of  pressure  moves  con- 
tinuously from  the  leading  ec^e  as  the  change  is  made  from  the 
position  for  turning  upward  to  that  for  turning  downward. 

For  a  given  position  of  the  depth  rudder,  for  example,  the  position 
in  the  plane  ot  the  tail  plane  and  for  near-by  positions,  the  center 
of  pressure  moves  continuously  toward  theleading  edge  for  a  decreasing 
incidence,  or  moves  from  the  leading  edge  for  an  increasing  inddence. 
This  is  the  opposite  of  what  takes  place  with  an  isolated  plane:  Tlie 
variation  observed  here  shows  the  influence  due  to  the  tail  plane  and 
the  depth  rudder. 

(6)  Study  of  aeroplane  in  free  flight. 

Experiments  have  been  made  at  the  Institute  of  Saint-Cyr  on  a 
Maurice  Farman  biplane  and  on  a  Bl6riot.  If  we  call  S  the  net  carry- 
ing surface  (17.65  meters*  (190  square  feet)  in  the  B16riot)  tne 

quotient  -^  wiU  measure  the  portance  of  the  machine. 

(a)  The  portance  of  any  avion  in  volplane  flight  is  less  than  that 
in  normal  night,  when  the  propeller  blast  acts  on  a  carrying  part  of 
the  avion  (main  plane,  tail  plane,  or  supporting  tail). 

For  the  B16riot  this  difference  is  shown  to  be  15  per  cent. 

(6)  Whenever,  in  slowing  up,  the  propeller  operates  as  a  brake, 
the  bead  resistance  in  volplane  flight  is  greater  than  the  head  resist- 
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ance  of  the  avion  without  propeller.    From  this  action  as  a  brake 
there  reeulte  an  augmentation  of  the  planing  angle. 

For  the  B16riot,  fitted  with  a  single  screw  (diameter  2.45  meters 
(8.06  feet);  pitch,  1.53  meters  (5.0 feet),  with  a  rotative  speed  of  400 
to  600  revolutions  per  minute  lliere  has  been  found  20  to  25  per  cent 
increase  in  the  resistance. 

11.  PROPELLERS  AT  A  FIXED  POINT. 

Col.  CJharles  Renard  had  stated,  for  propellers  geometrically 
similar,  the  following  law: 

The  ratios  ao-^'  '^-""^i^ (3) 

are  constant. 

Researches  undertaken  at  the  Institute  of  Saint-Cyr  have  led  to 
the  following  results : 

The  coefficients  a^  and  fi^  of  the  formulsB  of  Renard  increase,  in 
general,  a  Uttle  witn  the  rotative  speed;  however,  for  certain  pro- 
pellers these  coefficients  decrease  sUghtly  as  n  is  increased,  and  then 
increase  with  further  increase  of  n.  The  variations  in  the  values  of 
these  coefficients  are,  however,  so  small  that  for  ordinary  values  of 
the  rotative  speed  they  may  be  considered  constant. 

Ck)l.  Renara  had  also  introduced  the  idea  of  the  quality  of  a  sus- 
tentation  propeller.    This  is  defined  as 


/3o»"0.08ir 

This  quantity  depends  especially  on  the  pitch  of  the  propeller. 
It  is  smaller  as  the  pitch  is  larger.  The  product  of  the  pitch  by  the 
quality  is  sensibly  constant  for  propellers  geometrically  similar. 

12.  PROPELLERS  ADVANCING  RELATIVE  TO  THE  MEDIUM. 

(1)  For  propellers  geometrically  similar,  the  magnitudes 

n 


n' 


^ 


(5) 


y 
are  fimctions  of  7— r^»  €=^nD,  that  is  to  say,  of  functions  of  the 

speed  of  advance  V  and  of  the  peripheral  speed  x  nD. 

If  on  two  rectangular  axes  we  lay  off  as  absciss®  the  values  of  y 
and  as  ordinates  the  values,  either  of  a,  of  p,  or  of  p,  the  points  repre- 
senting the  properties  of  a  type  of  propeller  are  distributed  on  curves 
nZ?  =  constant  m  the  planes  (a,  7),  03,  7)  and  (p,  7). 

However,  for  large  values  of  V  (of  the  order  of  27  to  28  meters 
(88  to  92  feet)  per  second  (about  62  miles  per  hour))  and  of  nD  (of  the 
order  of  25  to  30),  the  curves  e=^nD,  corresponding  to  variations  of 
e  of  10  units,  are  sensibly  the  same.    As  these  conditions  are  found 
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in  the  values  iised  in  practice,  we  may  take  for  practical  purposes 
a,  Pf  p  8iS  functions  of  the  quantity  y.  In  each  of^the  planes  (a,  fi), 
(fi)  T)f  (fit  y)  the  properties  of  a  given  type  of  propeller  may  be  repre- 
sented by  a  single  curve. 

In  the  same  way  the  researches  cairied  out  at  the  Institute  of 
Saint-Cyr  have  shown  that,  for  a  wide  field  of  values  and  comprising 

the  conditions  of  practice,  the  ratios  —  and  ^  are  also  functions 

of  7  for  a  given  type  of  propeller. 

(2)  *The  ratio  —  decreases,  regularly  and  quite  rapidly  as  the  value 

a© 

of  7  increases. 

For  a  given  number  of  revolutions  of  the  propeller,  a©  has  a  deter- 
minate value. 

For  a  given  number  of  revolutions  of  the  propeller,  the  traction 
decreases  as  the  speed  increases. 

(3)  In  the  experiments  at  Saint><>jnr,  the  values  of  — ^  did  not  ex- 
ceed 0.90,  a  vahie  for  which  —  is  not  zero.  Let  us  assimie  it  justifi- 
able to  extrapolate  the  curve  (  — ,  7  j  to  its  intersection  with  the  axis 

of  7,  and  below  this  axis.  Let  us  further  assume  that  Oq  has  a  con- 
stant value,  whatever  may  be  the  revolutions  of  the  propeller.  We 
may  then  state  the  following  proposition,  which,  however,  is  only 
approximate. 

Above  a  certain  value  of  — j^,  the  propeller  acts  as  a  brake,  (traction 

negative);  below  this  value,  it  acts  as  a  propeller  (traction  positive). 
According  to  this,  the  number  of  revolutions  beyond  which  the 
propeller  becomes  propulsive  is  the  greater  as  the  speed  V  is  greater. 
For  a  certain  propeller  of  2.40  meters  (7.88  feet)  it  has  been  found 
that  as  the  value  of  V  increases  from  4  meters  (13.1  feet)  per  second 
to  12  meters  (39.4  feet)  per  second,  the  number  of  revolutions  for 
which  the  traction  becomes  zero  passes  from  300  to  566. 

(4)  The  values  of  ^,  for  a  part  of  the  propellers  studied,  continu- 
ally  decrease  with  increasing  values  of  7;  for  others,  ^  first  increases 

Po 

3 

slightly  with  7  and  then  decreases.     In  any  case,  the  decrease  of  ^  is 

Po 

less  rapid  than  that  of  — . 

.      .  ^ 

In  considermg,  as  above,  what  develops  for  a  given  velocity  of 

rotation  of  the  propeller,  it  is  seen  that  the  traction  n  decreases  more 
rapidly  than  the  power  P^.  The  latter  is,  in  those  conditions,  pro- 
IK)rtional  to  the  couple  transmitted  to  the  propeller  shaft.  The  trac- 
tion and  the  en^e  torque  are  then  very  far  from  being  proportional. 
In  the  experiments  at  Saint-Cyr,  the  point  on  the  axis  of  7  for 

which  ^  "^O  was  not  determined.  As  above,  let  us  assume  as  justi- 
fied  the  extrapolation  which  consists  in  prolonging  the  curve  (^^  T  )  to 
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its  Intereection  with  the  axis  of  7.  What  has  just  been  said  shows 
that  this  point  is  farther  removed  from  the  origin  on  the  axis  of  7 

than  the  point  of  intersection  of  the  curve  ( •- ;  7  )  with  this  same  axis. 

When  the  motive  power  is  zero,  the  traction  is  negative  and  the  pro- 
peller functions  like  a  windmill.  It  absorbs  power  furnished  by  the 
air,  but  does  not  transmit  it  to  the  engine;  this  power  furnished  by  the 
air  is  absorbed  b;^  the  resistance  proper  of  the  propeller,  which  turns 
without  any  manifestation  of  motive  power  on  the  shaft. 

(6)  For  a  given  number  of  revolutions,  the  power  absorbed  by  the 
propeller  at  a  fixed  point  is,  in  general,  greater  than  that  absorbed 
when  the  propeller  moves  in  the  direction  of  its  axis.  For  the  same 
number  of  revolutions,  it  is  necessary  to  supply  at  the  fixed  point  a 
greater  power  than  when  the  propeller  advances  in  the  direction  of  its 
axis. 

For  the  same  power  absorbed  bv  the  propeller,  the  number  of  revo- 
lutions of  the  propeller  at  a  fixed  point  is,  in  general,  less  than  that 
when  advancing  in  the  direction  01  its  axis. 

Let  us  consider  a  propeller  put  into  operation  on  an  airplane  at  rest. 
It  absorbs  a  certain  power  equal  to  that  furnished  by  the  engine.  If 
the  airplane  is  put  into  motion  and  if  the  number  of  revolutions  of  the 

Sropeller  remains  constant,  the  power  absorbed  b^  the  propeller  first 
ecreases,  while  the  power  furnished  by  the  enjgine  tends  to  remain 
the  same.  ^  In  order  that  equality  may  obtain  between  the  two 
powers,  it  is  necessary  that  the  revolutions  of  the  propeller  increase. 
Thus  for  a  given  opening  of  the  throttle  valve  for  tne  engine,  the 
number  of  revolutions  01  the  propeller  with  the  airplane  in  flight  is 
in  general  jgreater  than  when  at  rest.  This  increase  in  the  number 
of  revolutions  per  minute  may  range  from  30  or  40  to  100.  For  a 
given  engine,  certain  propellers,  givmg,  with  the  airplane  at  rest,  a 
suitable  number  of  revolutions,  may  in  free  flight  give  a  number  too 
far  above  the  normal  re^men  to  permit  of  usmg  such  propellers. 

In  any  case,  it  may  oe  noted  that  there  are  certain  propeUers 
which  require  in  flight  a  torque  greater  than  at  rest.  Instead  of 
speeding  up  the  engme  (with  fixed  throttle  opening),  they  slow  it 
oown. 

Following  are  the  results  of  experiments  made  at  the  Institute  of 
Saint-Cyr. 

Bl^riot  monoplane  with  Gnome  motor,  60  horsepow^. 

Observations  taken  in  free  flight  witn  four  Cnauvidre  propellers 
under  the  same  conditions  regarding  the  engine: 


PropeUer. 

Diameter. 

Pitch. 

Speed  of  horizontal  flight. 

At  rest. 

Inflight. 

I 

n 

ra 

IV 

(2.45  meters.. 

\8.06feet 

p.40  meters.. 

\7.90feet 

/2.50  meters.. 

8.20  feet 

2.45  meters.. 

8.05  feet 

1.53  meters.... 

5.02  feet 

1.75  meters.... 

5.75  feet 

1.00  meters.... 

5.25  feet 

1.44  meters.... 
4.72  ftet 

20.7  meters  per  second 

87.5  feet  per  second 

25.0  meters  per  second 

84.0  feet  per  seoondx 

25.25  meters  per  second.. . . 

82.8  feet  per  second. 

27.5  meters  per  second 

90.0  feet  per  second 

1,100 
1,130 
1,100 
1,180 

1,200 
1,000 
1,300 
1,220 

For  the  propeller  of  the  greatest  pitch  there  is  decrease  in  the 
rotative  speed;  for  the  other  three  there  is  increase  in  this  speed. 
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From  the  practical  point  of  view,  if  in  certain  cases  the  number  of 
revolutions  of  the  propeller  in  free  flight  is  for  the  same  conditions 
at  the  motor  nearly  tne  same  as  with  the  airplane  at  rest,  it  must 
not  necessarily  be  concluded  that  the  power  oi  the  engine  is  decreas- 
ing; it  may  well  be  that  with  the  propeller  employed  it  can  not  be 
otheirwise. 

(6)  The  efficiency  p  increases,  at  first  nearly  linearly,  passes  through 

a  maximum,  and  {hen  decreases  rapidly.    AH  propellers  have,  then, 

V 
a  maximum  efficiency  corresponding  to  a  determinate  value  of-^j 

peculiar  to  each  type  of  propeller.  This  value  is  nearly  independent 
of  nD,  at  least  for  the  values  comprised  between  30  and  40  (r^on 
of  actual  practice). 

.  (7)  Let  us  consider  propellers  which  are  not  geometrically  similar. 
We  may  say  that  these  propellers  form  a '^group''  if  the  definition 
of  their  geometrical  form  contains  a  variable  parameter  with  the 
different  values  of  which  they  are  designed.  This  parameter  may 
be  the  pitch,  the  curvature  oi  the  blade,  the  variation  of  its  width 
with  the  distance  from  the  axis,  etc.  The  designer,  for  example, 
passes  from  one  propeller  to  another  of  the  group  by  preserving  the 
variouB  sections  of  the  blade,  but  in  causing  the  pitcn  to  vary. 

If,  then,  we  consider  the  propellers  of  a  group  differing,  for  example, 
only  in  the  pitch,  the  maximum  efficiencies  and  the  corresponmng 

values  of  -^  continuously  increase  with  increase  in  the  ratio  of  the 

pitch  to  the  diameter. 

This  was  shown  by  M.  le  Commandant  Dorand  in  his  experiments 
at  Chaiais-Meudon  on  propellers  of  the  same  blade  area  in  which  the 
ratio  of  the  pitch  to  tne  diameter  continuously  increased  from  0.65 
to  1.29. 

M.  Eiffel  has  developed  the  same  results  on  models  of  the  following 
propellers: 

Iirst  group:  Diameter  0.80  meter  (31.5  inches) :  blades  flat  on  work- 
ing face;  pitch  sensibly  constant  for  each  propeuer;  width  of  blade, 
1/10  diameter.  At  ^qual  distances  from  the  axis  the  section  of  the 
blades  is  the  same.  The  thickness  decreases  regularly  from  the  hub 
to  the  tip  of  the  blade. 


Pitch  of  propeUtf. 

Pitch  ntio. 

0. 42  mMflr  n4^.ff  inrJMMf> 

0.68 
.80 
.97 

1.30 

.04  meter  (25.2  Inches} 

.78  meter  ^90.7  Inches) 

1.04  meters  (41.0  inches) 

Second  group:  Diameter,  0.80  meter  (31.5  inches);  width  of  blade, 
1/10  diameter;  blades  hollow  on  working  face.  The  mean  line  of  the 
section  has  a  height  of  segment  equal  to  1/12  the  chord.  Pitch  con- 
stant for  each  propeller. 


Pitch  of  propeller. 

Pitch  ratio. 

0.42  meter  (16.6  inches) 

0.63 

.81 

1.025 

1.26 

.05  meter  (25  6  inches) 

.82  meter  (32.3  inches) 

1. 02  meters746.0  indies)  
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(8)  For  propeners  of  the  same  pitch  and  same  diameter,  but  of 
TaiTiDg  widths  of  blade,  the  maxuniim  efficiency  passes  through  a 
maximum  maximorum  when  the  ratio  between  the  greatest  width 
of  the  blade  and  the  diameter  is  approximately  1/10. 

This  ratio  has  become  classical.  It  is  found  closely  approximate 
in  nearly  all  propellers. 

(9)  It  is  desirable  to  use  a  propeller  in  the  vicinity  of  its  maximum 
efficiency. 

In  fact,  for  values  of  -jy  near  the  maximum  efficiency,  the  curve 

(p,  7)  is^  in  general,  quite  iSat.  It  results  that,  in  spite  of  the  varia- 
tions of  regimen  of  the  engine  and  of  the  speed  m  an  airplane,  the 
efficiency  p  is  always  near  the  maximum.  A  propeller  wnich  does 
not  fulml  these  conditions  gives  only  mediocre  results. 

The  practical  result  of  the  use  of  tne  propeller  in  the  neighborhood 
of  its  maximum  efficiency  is  an  economy  in  fuel  in  horizontal  ffight, 
and  the  possibilitv  of  utinzing,  more  easily  and  more  completelyi  the 
excess  power  of  tne  engine  for  climbing  or  in  traversing  eddies. 

Curves  (p,  7)  peak^  near  the  maximum  imply  a  rapid  fall  in 
efficiency  in  case  of  an  acceleration  of  the  engme.  The  practical 
consec^uence  is  that,  in  order  to  obtain  a  moderate  increase  in 
eflFective  power,  it  is  necessary  to  expend  relatively  a  large  amount 
of  fuel  and  oil,  and  to  risk  overstraining  the  engine. 

(10)  It  is  desirable,  in  practice,  in  order  to  nave  a  maximum  effi- 
ciency high  (between  0.70  and  0.80),  that  7  should  be,  for  such  maxi- 
mum normally  near  the  value  1.0,  or  equal,  say,  to  0.90, 

In  this  case,  if  ni?= 40,  the  normal  speed  of  horizontal  ffight  will, 
be  equal  to  36  meters  (118  feet)  per  second,  or  129.6  kilometers  (80.6 
miles)  per  hour. 

If  n=»  16.66  revolutions  per  second  (1,000  revolutions  per  minute), 
Z)=2.40  meters  (7.88  feet).  If  n=«  20  revolutions  per  second  (1,200 
revolutions  per  minute),  2>=  2  meters  (6.56  feet).  If  n  =  8.33  revo- 
lutions per  second  (500  revolutions  per  minute),  27  ="4.8  meters 
(15.16  feet).. 

(11)  Some  writers  have  maintained  that  there  is,  for  each  type  of 
propeller,  a  best  value  of  the  ratio  of  pitch  to  diameter,  characteristic 
of  tnis  type  of  propeller.  This  is  by  no  means  certain.  But  it  does 
not  appear,  as  has  oeen  sometimes  stated,  that  there  is  a  best  value  of 
this  ratio  for  all  propellers,  value  independent  of  their  form. 

(12)  Propellers  have,  in  general,  two  or  four  blades.  Four  blades 
should  be  used  in  the  followmg  case. 

Suppose  that  a  propeller  is  reauired  capable  of  absorbing  a  very 
considerable  power.     With  two  blades,  there  may  result: 

(a)  A  propeller  of  too  great  diameter. 

(6)  A  propeller  with  a  speed  of  rotation  too  high. 

In  these  two  cases,  centrifugal  force  would  have  a  value  too  hi^h. 
It  would  then  be  advantageous  to  employ  a  propeller  with  four  blades 
which  would  permit  the  reduction  either  of  the  diameter  or  of  the 
number  of  revolutions,  that  is,  to  decrease  the  influence  of  centrifugal 
force. 

It  is  necessary  that  the  blades  of  a  four-bladed  propeller  be  de- 

P  P 

signed  so  that  the  coefficients  -7^  and  -5^  shall  be  as  nearly  as 

possible  equal  to  the  sum  of  the  values  of  these  coefficients  for  two 
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propellers  of  two  blades  each,  operatiD^  each  as  if  alone.  This  is  a 
matter  to  be  examined  specially  for  each  case.  Such  examination  is 
well  adapted  to  the  method  by  the  use  of  models.  It  is  thus  that 
M.  Eiffel  nas  shown,  for  certain  Drzewiecki  propellers,  that  the  reduc- 
tion coming  from  the  influence  of  the  blades  in  a  lour-bladed  pro- 
peller was  minimum  when  the  axes  of  the  blades  made,  between 
themselves,  angles  of  75^  and  105^. 

19.  STUDY  OF  THE  MEDIUM  SURROUNDING  A  SCREW  PROPELLER. 

M.  Eiffel  has  studied,  by  means  of  a  fan,  a  certain  number  of  models 
of  screw  propelle^.  He  nas  undertaken  to  investigate  the  variation 
in  the  velocities  of  the  current  air,  both  in  front  of  and  behind  a  pro- 
peller. 

The  measurements  were  made  in  a  plane  situated,  either  in  front  or 
behind  the  propeller,  at  distance  eaual  to  1/5  the  diameter. 

The  velocities  were  determined  (ty  means  of  a  Pitot  tube)  at  dis- 
tances from  the  axis  of  rotation  equal  to  1/5, 1/3  approximately.  2/5, 
1/2  approximately,  and  a  little  more  than  1/2  the  diameter  of  the 
propeller.  The  next  to  the  last  position  is  near  the  tip  of  the  blade. 
The  last  is  a  httle  outside  of  the  cylinder  circumscribing  the  pro- 
peller. 

y 

Values  of  7 =-^  are  made  to  vary  over  a  threefold  range  by  vary- 
ing either  V  or  n,  but  the  former  by  preference.  To  these  values 
of  y  correspond  values  of  the  efficiency  p. 

(1)  There  is  acceleration  in  the  velocity  of  the  current  of  air, 
.  whether  in  front  of  or  behind  the  propeller. 

(2)  The  acceleration  is  greater  behmd  than  in  front. 

(3)  Acceleration  increases  from  the  hub  outward  to  a  distance 
from  the  axis  between  1/3  and  2/5  the  diameter;  it  then  decreases 
as  the  tip  of  the  blade  is  approached. 

This  decrease  is  more  rapid  behind  than  in  front. 

(4)  The  value  of  the  maximum  of  the  acceleration  depends  ou  the 
direction  of  the  relative  velocity  y  at  the  tip  of  the  blade.  Let  7,1 
be  the  value  of  7  for  which  the  efficiency  is  maximum.  If  we  then 
vary  from  7^  in  th.e  direction  of  increasing  7,  the  maximum  value 
of  tne  increase  of  velocity  diminishes;  it  increases,  on  the  contrary, 
if  we  vary  from  7,11  in  the  direction  of  decreasing  7. 

(5)  The  turbulent  zone  extends  very  little  oevond  the  cylinder 
whose  base  is  the  circle  swept  by  the  tips  of  the  blades.  This  result 
shows  that  the  ratio  1/3  adopted  between  the  similar  dimensions  of 
a  model  and  the  full-sized  propeller  is  sufficient  to  envelop  the  model 
with  a  surrounding  cushion  of  quiet  air  sufficiently  thick  to  permit 
of  considering  the  model  as  movmg  in  an  indefinite  mass  of  air. 

(6)  The  increment  of  velocity  between  the  forward  and  rear  faces 
of  the  propeller  is  accompanied  by  a  slight  contraction  in  the  size  of 
the  moving  column  of  air. 

(7)  The  augmentation  of  velocity  due  to  the  propeller  has  an  influ- 
eace  on  the  operation  of  an  airplane.    The  sustentation  and  the 

S repulsive  resistance  are  increased.  At  the  same  time  this  iafluence 
oes  not  seem  to  be  very  important.  Suppose  that  the  blast  from 
the  propeller  acts  on  1/8  of  the  spread  of  the  airplane  and  that  the 
increment  of  velocity  is  50  per  cent  (a  rather  hign  value);  the  mean 
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velocity  of  the  wind  meeting  the  wing  is  then  increased  in  the  ratio 

7     1  50  . 

g + -V-  —  1 .066.    Such  an  increment  is  of  no  special  importance. 

(8)  These  experiments  are  an  illustration  of  the  hypothesis  of  the 
^'prdiminary  dynamic  condition/'  due  to  M.  Soreau. 

When  the  propulsive  speed  of  the  propeller  is  less  than  the  circum- 
ferential speed  of  the  tips  of  the  blades,  as  is  usually  the  case,  the 
periodic  and  rapid  movements  impressed  by  the  blades  on  the  mass 
of  air  surrounding  the  propeller  produce  a  condition  of  steady  flow. 
This  iB  characterized  by  the  existence  of  a  fluid  vein  having  the  same 
axis  as  the  propeller  which  accompanies  it  in  propulsion;  this  vein 
remains  unchanged  so  long  as  the  conditions  of  operation  (F,  n) 
remain  unchanged.  It  is  in  this  fluid  vein  in  movement,  independ- 
ent of  the  position  of  the  blades  at  any  given  instant,  that  the  latter 
operate.  M.  Soreau  gives  to  this  fluid  vein  the  name  of  '^ propeller 
vein." 

At  the  same  time  there  is  formed  around  the  blade  in  movement 
a  sort  of  fluid  prow  and  stem,  on  which  ^hde  the  particles  of  air  in 
such  manner  as  to  constitute  a  wake,  which  accompanies  the  blades 
without,  however,  entraining  the  particles  of  air.  To  these  wakes 
or  secondary  veins,  produced  in  the  line  of  motion  of  the  blades, 
M.  Soreau  gives  the  name  of  ''blade  veins." 

Taking  as  a  point  of  departure  this  h^othesis,  M.  Soreau  has  been 
led  to  represent  certain  experiments  of  M.  Eiffel  by  a  formula  of  the 
form 

'-^A^l  ■ <" 

v)  being  the  mean  axial  velocity  of  the  ''propeller  vein,"  while  A 
and  B  are  constant  for  geometrically  similar  propellers. 

CSertain  experiments  of  M.  Eiffel  are  well  represented  by  the  equa- 
tion 

a=-0.0196-0.022r^+^T (6) 

y 
which  may  be  appUed  from  the  value  -|j— 0.3. 

Equation  (6)  shows  that  the  axial  velocity  wis  of  the  form 

wOAQ^ (7) 

In  the  r^on  of  maximum  efficiency  of  the  family  of  propellers  con- 
sidered, 7  is  comprised  between  0.5  and  0.7;  w  is  tnen  comprised 
between  0.92  and  0.66  meter  (3.02  and  2.16  feet)  per  second.    In 

this  region  the  ratio  -y  is  then  small  for  values  of  the  speed  of  pro- 
pulsion higher  than  10  meters  (32.8  feet)  per  second.  In  this  case 
a  becomes  a  function  of  7.  Reference  has  been  made  above  to  this 
fact.    The  larger  the  value  of  V  the  less  distinct  are  the  curves 

Equation  (6)  may  be  written 


a- 0.0196 


[-ISC^-fx;^)'] <« 
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This  is  of  the  f  oim 


«-«[i-(x^+x^T]'  •  •. W 

We  should  have  in  the  same  way 

"-{'-(x-^+x^)"] »»> 

The  coefficients  a,  b,  X',  X'',  Jc  are  constant  for  propellers  geometric- 
ally similar,  so  lone  as  the  ratio  of  similar  dimensions  does  not  exceed 
a  certain  limit.  It  does  not  appear  that  such  relation  can  be  ad- 
mitted for  a  propdler  and  its  model  when  the  latter  has  dimensions 
too  much  reduced  in  relation  to  those  of  the  propeller. 

(9)  The  ratio  1/3  adopted  by  M.  Eiffel  for  propellers  of  airplaiies 
seems  to  be  an  upper  limit.  It  leads  to  rotative  speeds  of  the  model 
of  2,400  and  3,000  revolutions  per  minute,  figures  which  it  seems  pru- 
dent not  to  exceed. 

When  the  problem  is  concerned  with  the  study  of  the  propellers 
of  a  dirigible  (diameter  4.5  meters  (14.75  feet)),  this  ratio  requires  the 
use  of  models  of  1.5  meters  (4.9  feet)  in  diameter.  These  models 
seem  a  little  lai^  for  the  cylinder  of  air  2  meters  (6.56  feet)  in  diame- 
ter employed  at  Auteuil  by  M.  Eiffel.  In  this  case  it  would  be  prefer- 
able to  employ  a  model  on  the  scale  of  1/4  (diameter,  1.126  meters  (3.69 
feet)),  turning  at  2,000  revolutions  per  minute,  corresponding  to  500 
revolutions  per  minute  for  the  propellers  of  the  dirigible. 

14.  INFLUENCE  ON  THE  OPERATION  OF  A  PROPELLER  OF  A  CURRENT 
OP  AIR  PERPENDICULAR  TO  THE  AXIS  OP  ROTATION. 

If  we  call  TTthe  velocity  of  the  current  of  air  and  if  we  consider  the 
ratio  — ^y  the  influence  on  the  traction  and  on  the  power  absorbed 
seemed  to.  depend  on  this  ratio. 

The  ratios  -^  and  ^  increase  with  this  ratio,  at  first  very  rapidly, 

then  more  and  more  slowly. 

These  conclusions  result  from  calculations  made  at  the  Institute 
of  Saint-Cyr.  based  on  experiments  made  on  small  propellers  by  M. 
Riabouchinsky,  director  of  the  Aerotechnic  Institute  oi  Koutcbino. 

Suppose  that  for  a  propeller  of  the  order  of  size  suited  for  aviation, 

the  action  of  a  wind  perpendicular  to  the  axis  depends  on  the  rela- 

W 
tion  — jy  in  the  same  proportions  as  for  the  small  propeller  studied 

by  M.  Riabouchinsky.  We  can  then  estimate  the  traction  which 
would  be  realized  by  a  heUcopter  with  vertical  axis  carried  by  an  air- 
plane in  flight. 

Suppose  a  propeller  2.5  meters  (8.2  feet)  diameter  with  vertical  axis 
tinning  at  1,200  revolutions  per  minute  and  carried  by  an  airplane 
with  a  horizontal  velocity  of  25  meters  (82  feet)  per  second.    The 


Digitized  by 


Google 


AEBONAUTIGS.  625 

peripheral  speed  of  the  propeller  is  equal  to  157  meters  (515  feet)  per 
second  and  the  ratio  — r^  has  a  value  0.16.  Referring  to  the  calcu- 
lations of  M.  Maurain,  director  of  the  Institute  of  Saint-Cyr,  it  is  seen 
that  the  traction  of  this  helicopter  would  be  increased  by  about  1/3  of 
its  value  as  a  result  of  the  relative  current  of  air  due  to  the  movement 
of  the  airplane ;  but  the  power  to  be  supplied  would  itself  be  increased 
by  about  1/4. 

It  would  be  interesting  to  apply  such  conclusions  to  the  results  of 
experiments  on  propellers  larger  than  those  studied  by  M.  Riabou* 
chmsky. 

CONCLUSION. 
AERODYNAMIC  STUDIES  IN  FRANCE  DURING  THE  LAST  TEN  TEARS. 

Ten  years  ago  there  was  only  one  laboratory  in  France  in  which 
researches  on  the  resistance  of  air  were  carried  on  in  a  systematic 
manner.  This  was  the  laboratory  installed  at  Chalais-Meudon  by 
Col.  Charles  Renard.  An  engineer  of  great  talent  and,  at  the  same 
time,  a  remarkable  scholar,  our  fellow  countryman  must  be  consid* 
ered  as  one  of  the  fotmders  of  experimental  aerodynamics.  His 
studies  on  the  resistance  of  air  upon  bodies  of  different  forms  and  his 
experiments  upon  supporting  screw  propellers  have  become  classic. 

Other  expenmenters  had,  to  be  sure,  undertaken  at  this  very  time 
interesting  researches  upon  the  resistance  of  the  air.  We  may  cite 
the  studies  of  Marey  upon  the  flight  of  birds;  the  expmments  with 
dbks  in  free  flight  made  by  the  Abb^  Le  Dantec  at  the  Conservatoire 
des  Arts  et  Metiers;  those  of  CaiUetet  and  Colardeau  upon  orthogonal 
disks  thrown  from  the  second  story  of  the  Eiffel  Tower.  Certain 
engineers,  Ricour,  Desdouits,  Le  drain,  Nadal,  had  taken  up  the 
study  of  the  effects  of  air  resistance  upon  bodies  moving  at  a  high 
rate  of  speed.  But  all  these  tests  carried  out  under  tmlike  conditions 
were  not  susceptible  of  affording  a  serious  basis  for  studies  in  aero- 
dynamics and  did  not  furnish  engineers  with  information  which  was 
adequate  for  the  carrying  through  of  their  designs. 

At  this  epoch  they  were  still  teaching  in  certam  engineering  schools, 
regarding  the  resistance  of  air  upon  planes  inclined  to  the  direction 
of  the  wmd,  the  law  of  the  square  of  the  sine  of  the  angle  of  incidence, 
althou^  it  had  long  since  been  demonstrated  that  tms  law,  appUea 
to  the  ni^t  of  birds,  led  to  absurd  conclusions. 

Tbe  r&um£  which  we  have  iust  made  shows  the  progress  which 
has  been  accomplished  during  tne  past  10  jrears.    - 

There  exist  to-day  fom:  great  laboratories  which  are  chiefly  de- 
voted to  the  study  of  aerodynamics. 

The  mihtary  laboratory  of  Chalais-Meudon,  imder  the  learned 
direction  of  M.  le  Coiiimandant  Dorand,  continues  the  fine  traditions 
of  Col.  Renard.  It  is  there  that  the  complicated  problem  of  screw 
propellers  is  beginning  to  be  cleared  up;  it  i3  there  that  important 
researches  upon  the  gnding  flight  of  avions,  and  upon  the  coefficient 
of  safetv  which  shoiud  be  adopted  in  the  construction  of  these  ma- 
chines, have  been  taken  up. 

M.  ae  Guiche  has  devoted  himself  specially  to  the  delicate  problem 
of  the  distribution  of  pressure  on  the  wings  oi  airplanes.    He  has  sub- 
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jected  the  actions  exercised  by  the  air  on  the  surfaces  of  aerofoils  to 
a  minute  and  precise  analysis;  he  has  created  a  sort  of  topography^ 
of  these  surfaces  which  is  of  the  ^atest  importance  for  the  detemu- 
nation  of  the  laws  of  areodynanucs. 

The  constructors  of  airplanes  find  effective  aid  in  the  laboratories 
of  M.  Eiffel;  at  Auteuil,  so  remarkably  well  supplied  with  equipnient, 
and  also  at  the  Aerotechnic  Institute  of  Saint-cr^r. 

The  experiments  of  M.  Eiffel  on  modek  have  been  carried  out  with 
the  constant  purpose  of  furnishing  constructois  with  coefficients 
which  are  reliable.  After  studyii^  aerofoils,  this  eminent  engineer 
has  devoted  his  efforts  to  a  precise  determination  of  the  influences 
which  these  exert  upon  each  other  when  they  are  assembled  to  form 
actual  flying  machines.  He  has  determined  the  relative  coefficients 
for  various  parts  of  the  avions,  the  cables  and  tension  wires,  the 
wheels  of  the  landing  frames,  the  fuselage.  He  has,  fiuaally,  for  the 
whole  apparatus,  studied  the  different  conditions  of  flight. 

The  question  of  screw  propellers  is  beginning  to  he  well  under- 
stood. We  know,  in  particular,  what  the  conditions  are  under  which 
a  model  must  be  triM  out  in  order  to  give  information  applicable 
to  a  propeller  of  normal  size.  The  logarithmic  diagram  proposed  by 
M.  Eiffel  facilitates  the  choice  of  a  propeller  which  will  smt  a  machine 
of  ^iven  character. 

Parallel  with  the  studies  of  M.  Eiffel  on  models,  the  Aerotechnic 
Institute  of  Saint-Oyr,  under  the  enei^etic  direction  of  its  director, 
M.  Maurain,  and  of^its  subdirector,  M.  Toussaint,  makes  use  of  its 
elaborate  eouipment  to  study  avions  or  parts  of  avions  in  normal 
size.  This  laboratory,  at  the  present  moment  the  most  important 
in  the  world,  puts  at  the  disposal  of  inventors  numerous  pieces  of 
apparatus  for  measurements  which  enable  them  to  determine  a  priori 
the  quaUties  of  the  machines  which  they  have  under  design.  In 
collaboration  with  military  aviation  pilots,  M.  Toussaint  has  been 
able  to  install  on  the  avions  ingenious  registering  devices  which  make 
it  possible  to  detemune,  during  a  flight,  the  effects  of  the  air  on  the 
dinerent  parts  and  the  pilot's  maneuvers. 

This  ensemble  of  researches,  executed  by  the  different  French 
laboratories,  researches  which  complement  each  other,  have  already 
led  to  the  series  of  results  of  which  we  have  given  an  idea  in  Chapt^ 
IV  of  this  report.  These  experimental  results  derive  their  import- 
ance from  this  fact,  viz,  that  they  have  been  obtained  by  means  of 
a  large  number  of  careful  experiments  susceptible  of  giving  them  a 
high  de^ee  of  reUability. 

Aviation  has,  moreover,  derived  a  great  benefit  from  these  labo- 
ratory experiments.  I  will  cite  here  only  one  confirmatory  example. 
In  spite  of  certain  ideas  put  forward  by  M.  Rateau  in  r^ard  to  screw 
propellers,  the  constructors  of  airplanes  made  Uttle  of  the  influence 
of  the  back  of  the  wings  on  the  value  of  the  supportiog  force;  they 
believed  that  the  whole  effect  came  from  the  air  pressure  upon  the 
face  directly  exposed  to  tiie  wind.  But  certain  researches  carried 
out  at  the  laboratory  of  M.  Eiffel  on  the  distribution  of  air  effects  on 
the  two  surfaces  of  an  aerofoil  showed  that  there  were  negative  pres- 
sures on  the  back  and  that  these  were  much  more  important  than 
the  pressures  on  the  surface  directly  exposed  to  the  wind.  Wherefore, 
contrary  to  the  mode  of  construcUon  m  practice,  the  necessity  arose 
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of  fixing  solidly  the  canyas  on  the  back  of  the  vnng  in  order  to  avoid 
accident. 

The  study  of  the  conditions  of  flight  for  airplanes  by  means  of 
registering  instruments  standardized  m  the  laboratories  has,  as  M. 
Toussaint  has  shown,  a  great  importance  from  the  point  of  view  of 
safety.  It  is  of  prime  importance  to  put  within  the  hands  of  pilots 
instruments  capable  of  controlUng  the  quality  of  their  evolutions. 
This  is  of  special  importance  for  the  pupil;  it  is  no  less  so  for  the  expe- 
rienced pilot.  Statistics,  in  fact,  show  that  a  goodlv  number  of  acci- 
dents are  to  be  imputed  to  mistakes  in  pilotiii^.  ouch  false  maneu- 
vers are  often  unconscious  and  result  from  tibe  ignorance  of  the  pilot 
as  to  the  limits  of  safety  in  which  he  can  maneuver  his  avion.  By 
means  of  appropriate  instruments  these  limits  can  be  determined 
for  each  type  of  machine  and  even  for  each  machine  on  the  aviation 
&e\da  by  experienced  pilots.  The  r61e  of  the  aerodynamic  labora- 
tories is  to  combine  such  registering  apparatus  so  as  to  simplify  the 
installation  on  board  the  machines  and  to  standardize  these  instru- 
ments. The  Institute  of  Saiut-Cyr  has  commenced  to  do  this  work 
with  success. 

Our  aerodynamic  laboratories  are  concerned,  then,  not  only  with 
the  solving  of  problems  which  are  a  part  of  the  science  of  aerody- 
namics but  they  strive  also  to  come  to  the  assistance  of  our  con- 
structors, and  they  have  their  share  in  the  evolution  of  a  weapon 
which  is  just  now  rendering  such  ^at  services  in  the  war  where  the 
destiny  of  the  country  which  saw  its  birth  is  at  Bttike. 
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